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(0] BBCACHWUU METOAUKH

C nenbro HeOMYIEHHS TIOBPEXK/ICHUH AJ1era3oBbix BeIKrovareneii 110 kB u
BBIIIE, CBSI3aHHBIX € OTKIMoueHWeM JIOIT wim cHucTeM IIHH, OCHAIICHHBIX
CPEACTBAMU KOMIICHCAIIMN PEAKTHBHOW MOIMHOCTH, mocne HeycmenHoro TATIB
Wy HeycnewHoro BkmioueHus JIDII (cucTeM LIMH) OT KITIOYA VIIPABIICHHS MO
TIpUYUHE BO3HUKHOBEHHA  allCpUOJMYECKOW  COCTaBIAIOLIEH  TOKa B
HEMOBPEXKACHHBIX (pazax Ipu HecuMMETpUUHBIX K3:

1. YTBepauth MeToaMKy pacueta W BbIOOpa CpencTB, 00€CTIEUMBAFOLIMX
OTKJIIFOYEHUE  JJIErA30BBIX  BBIKIIIOYATENIEH  IOpPU  KOMMYTaAUWsAX  JIMHUH
3NIEKTpONEpeaun M COOPHBEIX IIMH, OCHAIICHHBIX IIYHTHPYIOIMMH PEaKTOPaMH,
(manee - MeTonuka) COrNacHO MPIIOKEHHUIO 1 K HACTOSILIEMY PACIOPSLKCHUEO.

2. IlepBbIM 3aMECTUTENSM T€HEPAIBHBIX JUPEKTOPOB - [JIABHBIM MHXKEHEPaM
¢wmwmanoB OAO «O®CK E3C» - M3C:

2.1. OobecneunBarh pa3pabOTKy COOTBETCTBYIOIIMX Pa3/CIOB MPOCKTHOM
JOKYMEHTALMHA B COOTBETCTBUH ¢ METOAMKOIA.

2.2. Bxmouars Metomuky B HepPEUeHb OpraHu3auoOHHO-
pacnopsAMTEIbHLIX 1 HOPMATHBHO-TEXHUYECKUX NOKyMeHTOB OAO «DCK EDC»
3aJaHus Ha TPOCKTUPOBAHUE.

3. TlpH BBIIONHEHMH TEXHHKO-3KOHOMHYECKOTO CPaBHEHMS BapHAHTOB
CHIDKCHHUS anepuOJUYecKOil cocTaBiisomieii B Toke xoyoctoro xoaa JIOII go
JonycTuMbix 3HaueHuil (Pazgen 8 Mmeronuku) ¢ MPUMEHEHHEM BBIKIIOYATENEH,
OCHAIAEMBIX NPEIBKIIOYaEMBIMH PE3UCTOPAaMH, YCTPOHCTBAMH IPEIHAMEPEHHOR
HEOJHOBPEMEHHOM KOMMYTALIIU TOJIOCOB!

3.1. Hcnomp3oBaTe CTOMMOCTHBIE M TEXHHYECKHE XapaKTCPUCTHKH
BBIKJIFOYATENEH, TOATBEPKACHHBIE ABYMS U OONEe H3TOTOBUTEAMH BBIKIIFOUATEIIEH.

3.2. B mensix HEJOMyLICHHA OTPaHHYCHUS KOHKYPEHLUM IpPU MPOBEACHUU
3aKyNOYHBIX HPONCAYpP HMCKIOYaTh B IIPOCKTHOH JOKYMEHTAlMU IIPUHATHE
TEXHUYECKOTO PEHICHUS, KOTOpOe MOXKET OBITh 00ECHEYeHO TONBKO OJHUM
M3TOTOBHUTENEM BBIKITFOUATENECH.

33. TIpu OTCYTCTBMM CTOMMOCTHBIX M TEXHHYECKHX XapaKTEPUCTHK
BBIKJIIOYATENEli, MOATBEPXKICHHBIX [BYMS  U3TOTOBHTEISAMH,  JOIYCKACTCS


https://meganorm.ru/Index2/1/4294829/4294829891.htm

2

BBITIOJTHATE ~ TEXHUKO-SKOHOMHYECKOE CPABHEHHE BApHAHTOB HA OCHOBaHUHU
MOKAa3aTeNieii, MPUBEACHHBIX B IPUITOKEHNH 2 K HACTOSIIEMY PACIOPSKEHHIO.

4. KoHTponb 3a MCHONHEHAEM HACTOAINETO DPACTIOPSDKEHHS BO3NIOXKUTH Ha
3aMecTtuTens maBHOTO MHkeHepa Jukoro B.I1.

3amecrutens [peacenarens [IpaBiaeHus -
[JIABHBIN UHXKEHEDP A.B. Uepesos

Paccoinaercs: cexperapuar Uepesosa A.B., [lemaprament I1C, Jenaprament P3AuIIA, Cnyxba
3MeKTpHIecKuX pexxumMoB, ¢punuans OAO «PCK ESC» - MOC.

Cronspos E W

(604)91-19

ITyrauenko 3.E.

(604) 36-97

Busbi: Bopouun B.T., Enudanos A M., Ilymses BM., Cenesnes B.IO., 3adecos IOK,
TTensmvckuii B.JL., JQuxoii B.I1., Trogenexos I1.T., Axkumos JLIO.



Tpunoxenue 1
k pacnopsukeHuo OAO «@CK EDC»
ot 10.12.2012 Ne 838p

Mertoauka pacuera H BbIOOpa CpeCcTB, 00eCeYHBAIOINUX OTK/II0YCHHE
3J1era30BbIX BBIKTIOYATENICi PH KOMMYTANASX JTHHA 3T1eKTponeperayn u
COOpHBIX LIMH, OCHALIEHHBIX UIYHTHPYIOLIHMH PEaKTOpaMu



Hacrosamias Metoauka pacueta u BEIOOpa CPEACTB, 00ECIIEUUBAIOIINX OTKIFOUCHHE
3JI€Ta30BhIX BHIK/IIOYATENCH IPH KOMMYTAIMAX JIMHUM 3JIEKTPOTIEpENavYH U COOPHBIX IIHH,
OCHAIIEHHBIX INYHTHPYIOUIMMH PEaKTOpaMu, (Janee - METOOWKA) pa3padoTaHa B IEJAX
€IMHOTO IIOJXOAAa K  OLEHKE BO3MOKHOCTH BO3HHUKHOBEHHSA OINACHBIX 3HAYEHHUH
AIIEPUOJMYECKOM  COCTAaBJMIONIEH B TOKAaX, KOMMYTHPYEMBIX  3JIETa30BBIMH
BBIK/TFOYATEIIMU.

JaHHasg METOJUKA HE PACCMATPUBACT allEPHOJMYECKYIO COCTABIIIONIYIO B Tokax K3,
pacuet kotopor permamentupyetca PJ[ 153-34.0-20.527-98 «PykoBoasmue ykazaHus 10
pacyeTy TOKOB KOPOTKOTO 3aMBIKAHHA U BEIOOPY 3JIEKTPOOOOPYIOBAHHS .

MeToauka HampasleHa Ha OKa3aHHE IIOMOIIM IIPOEKTHBIM OPTaHU3ALUAM MPH
BBITIOJTHEHUH Pa0OT, CBA3AHHBIX C O0ECIEYECHHEM HANEKHOM KOMMYTALIUH 3JIETa30BbIMH
BBIKTFOYATEIIMH JIMHUH 3JIEKTPONEpesayn U COOpHBIX IuH Ha mojacTanimsax 110 kB u
BEIIIIE.

Metoauka 1peqHasHaueHa O I[POEKTHBIX OPIaHM3alMM, 3aHUMAIOIIUXCS
MIPOEKTHUPOBAHUEM HOBBIX JIMHHM 3JIEKTPONIEPEavd U MOACTAHLMH, a TAKKE BONPOCAMH
HX TEXHHYECKOTO TEPEBOOPYKEHHA (PEKOHCTPYKIIHH) U MOKET OBITh HCIOJIB30BaHA MPH
OLIEHKE IIOJHOTBHI COOTBETCTBUA IIPOCKTHBIX PEIICHHH TPeOOBaHWSAM MO O0ECTIEUYEHHIO
HAJE)KHOH KOMMYTALIMOHHON CITOCOOHOCTH BBIKJIIOYATENICH B Pa3IHMYHBIX CXEMaX HX
IIPUMEHECHUA.

B HacTOsAmIEH METOAMKE:

- OIpeEIIEHBI OCHOBHBIE (DaKTOPBI, OKA3hIBAIOINUE BIIUIHHE HA XapaKTep U3MEHEHHUS
TOKA B BBIK/IIOUYATENIE, KOMMYTHUPYIOLIEM JIMHUIO, OCHAmeHHYTO [1IP;

- TPEACTABICHBI OCHOBHBIE MONOXKEHHsA (POPMHPOBAHHA PACUETHBIX MOJENEH It
AHATMTHYECKOTO M YHCIIEHHOTO PAac4YETOB 3JIEKTPOMATHUTHBIX NMEPEXOJHBIX MPOLIECCOB, B
KOTOPBIX BO3HUKAIOT OMNACHBIE 3HAYEHHA AaNEPHOJWYECKOH COCTABIAIOMIEH TOKOB B
MOMEHTBI KOMMYTALHH BHIKITIOYATEISIMHA TIPHCOCTHHEHHIA;

- BBIJCIICHBI KDHTEPHH OTHECEHMS NpHCOeANHEHUH noactaHumii 110 kB u BIIE K
KAaTeTOPHH, M1 KOTOPOH OO0A3aTENBHO TPOBEIECHHE PACUYETOB HIIEKTPOMATHHUTHBIX
MEPEXOAHBIX IPOLIECCOB C ILETBI0 BBIIBICHHA OMACHBIX 3HAYCHHH AamepHOIHYECKOH
COCTABJIAIOIEH TOKOB B MOMEHTBI KOMMYTALIHI U OTIPEEICHHE YCIOBUH OCYIIECTBIIEHHA
TAKUX KOMMYTALHIT;

- TIPUBEJEHBI MEPHI M CPEJCTBA MO OOECTEYECHHIO KOMMYTAIMOHHOH CHMOCOOHOCTH
37I€Ta30BBIX BBIKIFOYATENICH, CBA3AHHBIE CO CHIDKEHHEM BEIUYHHBI anePHOTHYECKOH
COCTABIAIOIEH KOMMYTHPYEMBIX TOKOB A0 TOIMYCTUMBIX 3HAYCHHH.

Cnucok cokpaiueHnmii

AIIB - ABTOMAaTHYECKOE MOBTOPHOE BKITIOUEHIE
JK - IyrOTaCHTEIIbHBIM KOHTAKT BBHIKIIFOYATEIS
BH - BBICOKOEC HaNPS>KCHHE

BJI - BO3JAyIIHAA JIMHUS SJEKTPONIEPEAaYH

I'K - IJIAaBHBIM KOHTAKT BHIKJIFOYATEIIA



K3 - KOPOTKOE 3aMbIKAHHE

KBJI - KaOenbHO-BO3AYLIHAS JIHHHUA HJIEKTPOTIEPEAaYH

KJI - KaleNTbHAS JIHHHA YJIEKTPOTIEpeAaqH

KCIID - kabenb ¢ M30JALHEH U3 COIHTOTO MONHITHIICHA
JIDII - JIHMHHH IEKTpOIIepe1aun

OAIIB - ogHOoda3zHOE aBTOMAaTH4YECKOE IOBTOPHOE BKIIFOUEHHE
OPY - OTKPBITOE PacHpeIeIUTEIRHOE YCTPOMCTBO

OITH - OTPaHHYMTEID NEPEHATIPAKCHUN HETHHCHHBIH

I1C - TOACTAHIMS JNEKTPUYECKAT

P3 - peneiiHas 3amMTa

TAIIB - Tpex(}azHoe aBTOMATHYECKOE MMOBTOPHOE BKITIOUCHHE

VIIHKII - KOHTpoIep NpeAHA3HAYECHHBIM [UIA BBIIOJNHEHHA KOMMYTALHH TIONMIOCOB
BBIKITFOYATENS. C IIPETHAMEPEHHOH 3aIEPKKOH (3aJ€pKKAMH) MEXAYy KOMMYTALHSIMH
Ka)I0ro IOJI0CA, TPEXIIOIOCHOIO KOMIUIEKTAa BBHIKIIOYATENS C LENbI0 HX KOMMYTALHH B
Harepe/, 3aJaHHbIe MOMEHTHI BPEMEHH IO OTHONICHHIO K (pa3e TOKA WM HAMPSKEHHS
MPOMBINUICHHOM YacTOTBI. MOXET MPHUMEHATBCI COBMECTHO C BBIKITIOYATEIAMH,
OCHAIICHHBIMYU KaK OT/E/IbHBIM IPHBOJOM HAa KaKIBIH TOIIOC, TAK M OJHHM TPHBOIOM
TpeX MOJIIOCOB.

[Ip - IIYHTHUPYIOLIUE PEAKTOPHI
Usiom - HOMMHAJIbHOE HamNpsDKEHHE
Upin - BBIHY)KJEHHAsA COCTABIAIOLIAsA HANPSKEHHS

1. O0mue moJiokeHus!

1.1 Anepuomuyueckas COCTABISIOMAS B TOKE, NPOTEKAIOMIEM B «3J0POBHIX» (hazax
4epe3 JHMHEHHBIM BBIKIIOYATENIb OPH OJAHOCTOPOHHEM BKIIOYEHHH JIMHHH, MOMKET
BO3HHKHYTb JIMIIb B CIIy4ae, KOTAa HA JIMHUM YCTAHOBIICHBI IIYHTHPYIOLIHE PEAKTOPHI TIPH
HAIOXXEHHUH CIEAYIOIUX YCIOBHH:

MOMEHT Hayalla IPOTEKAHHS TOKA Yepe3 KOHTAKTHl JTMHEHHOTO BBIKITIOYATENA MPH
BKIIIOYCHHH HE COBHAJ C MOMEHTOM MAaKCHMyMa aMILUIATYIbl HANPSDKEHUS HCTOYHHKA
MUTAHUA COOTBETCTBYIOMEH (paser (£90 311. rpaaycos);

OTKIIFOYEHHE 3/10POBOH (ha3bl MPOMU3BOJUTCA TOCIIE BKIIOYEHHA (C HHTEPBAIOM HE
oonee 3 c).

[Ipu orcyrcteum IIIP mpoGnema, cBA3aHHAs C JJIMTENBHBIM CYLICCTBOBAHHEM
aNEpUOAMYECKON COCTABIAIONMEN TOKA B BHIKIIIOYATETIE, HE BOSHHUKACT.

Cnenyer NpuHATH BO BHUMAHHE TAKXKe BO3MOKHOCTh 00OpPa30BaHHA TAKOH CXEMBI, B
KOTOPOH peakTop, yCTaHOBJIECHHBIH Ha muHax [1C, nogxmroyaeTca k pa30MKHYTOMY KOHILY
JIMHUH, HATIPUMEP, TIPH NPOOHOM BKIFOYeHHH B 1Kie AIIB mmH noacranmmm.

1.2 Anepuoguueckasi COCTABILIIONIAs HAKIAJBIBAECTCS HA MEHBIIYIO N0 BEIUYHHE
NEPUOJUYECKYI0  COCTABILSIIOIIYI0O TOKA  XOJOCTOIO  XOJa  JIMHHH, YaCTHYHO
CKOMIICHCHPOBAHHOTO WHAYKTHBHOCTBIO I[P, 4TO MPHBOAUT K 3a7epKKe Mepexoia ToKa
yepe3 HOMBb A0 1,5 ¢ (u Ooyiee) OT MOMEHTAa 3aMBIKAHHA KOHTAKTOB BBIKIIIOYATENA H
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CO3/1a€T YCIIOBHUSA, IPH KOTOPBIX BBIKIIOYATENH (B CIydae OTKIIOYEHHs, CIEAYIOIIEro Oe3
3aJ€PKKH BPEMEHU 33 BKIIIOYEHHEM) HE MOJXKET IIOTACHTh AYTY 3a BPEMs PaBHOE CyMMeE
BPEMEHH CpalaThIBaHMA PENCHHONM 3amUTBI W IOJHOTO BPEMEHH OTKITIOUCHHUS
BBIKJTFOYATE.

1.3 Ilpu pacderax amepHOAMYECKON COCTABISAIOMIEH B TOKAX, MPOTEKAOIIUX Yepe3
BBIKITFOYATEITh, HEOOXOIMMO YYMTHIBATH CIICAYIOINUE (PaKTOPHI:

Hanuuue Ha [1C myHTHpYyOmUX peakTopoB, YCTAHOBICHHBIX HA JIMHUH;

Hanuuue 1P xa munax [1C;

ey orxomammx OT ImuH [IC muHME (ONPEmeTSIONny0 3apsAaHYH0 MOIIHOCTh
JIMHUE) PA3IUYHOTO KOHCTPYKTHBHOTO MCIIOJTHEHMS, HA KOTOPBIX ycTaHoBIcHbI [1IP;

CTENEHb KOMIICHCAIIMM E€MKOCTHOM 3apsgHOM MOIMHOCTH oTxomamed ot muH [1C
JUHUM WHAYKTUBHOCTEIO TP, MOAKMOYEHHBIX K JHMHHUW, BIUAIONIYI0O HA BEITHYHHY
BBIHY)KACHHOM COCTABILIIONIEH TOKa IIPOMBINIIEHHOW 4YacTOTHI B KOMMYTHPYEMOM
JTMHEHHOM BBIKITFOYATEIE;

pacnpeneneuue MomHocTe TP mo xoHIIaM THHUMY,

JOOPOTHOCTH PEAKTOPOB U OCTANIBHBIX SIEMEHTOB PACUETHOU CXEMBI,

OCHaleHue JneKTponepenaydn ycrpoiicrsamu TAIIB wma OAIIB;

yron HanpsokeHus Ha muHax [1C mpu BKIOYEHHH BRIKITIOYATEIS.

2. UcxoaHble JaHHBIE A/ pacyera

Jns  BBINOHEHHS PAcueTOB TOKOB, IPOTEKAMHMX 4Yepe3 BBHIKIIOYATENb MpPH
KOMMYTAI[MH BKIIFOUEHHUS JIMHHH, HCOOXOJAHMO HMETh JAHHBIE O CIECAYIONIMX 3JIEMEHTAX
ucciexyemoit cxemsi (JIAI, TIC):

2.1 Cxemor PY paccmarpuBaemoit mojactaHipuu, a Takke IIC, Haxomsmuxcs Ha
npOTHBOMNONOKHBIX KOHIAxX JIOII ¢ muueitasmu 1P, otxomdnmx ot paccMaTpuBaeMoi
TO/ICTAHLIAH.

2.2 Tumer, mapametpsr, mecta nojakmoucHud I[P, cxembr moakmoucHus IIIP,
Hammyre TOP Ha paccMaTpuBaeMbIX THHUAX. MUHHMATBHOE KOJHYECTBO PEAKTOPOB, MPH
KOTOPOM JAOITyCKAaeTCi IMOCTAHOBKA IIMHMHM TIOJ HANpPHOKEHHE B HOPMAJBHBIX U
TOCJIEABAPHUHHBIX (PEMOHTHBIX) PEKUMAX IKCILTyaTaI[HH.

2.3 ITapameTpsl uHMIA 35eKTpOniEpeaadu, oTxoaiuux ot muH [1C.

2.3.1 qna BJI 3To cnemyroniue XapakTePHCTHKH:

mmaHa BJT;

TAN (KOHCTPYKTHBHBIE XapaKTEPUCTHKH) MPOMEXYTOUHBIX omop BJI, amuna
U30JALIMOHHOM MOJIBECKH NMPOBOAOB, MAKCHMAJIbHAS CTPEJa IPOBECa NPOBOIOB B MPOJIETE;

KOHCTPYKIMA NpoBoJoB BJI (xommuecTBo mpoBomoB B (ase, miar paciuervieHHs
npoBooB (assl, Mapka (a3HBIX MPOBOAOB, CEYCHHE OAHOTO MPOBOAA (asbl, TOTOHHOE
aKTHBHOE COMPOTHBIICHHE TPOBOJA), CPEIHHE 3HAYEHHS Y/EIBHOTO COMPOTHBIICHHA
3eMJIM B paiOHE MPOXOKJAEHHA Tpacchl BJI, KommyecTBO TPOCOB HA JMHHH, CHOCOO HMX
MOJBECKH H 3a3€MJICHHA.

2.3.2 Ina KJI 3To cnexyroniue XapakTepPHCTHKH:

JUTAHA ¥ TUTI Kabe;



CEUCHHE TOKOBEIYIIECH JKHIIBL;

Croco0 MPOKJIAIKK KK Kaders;

MOTOHHAA EMKOCTh KaOeIs,

TOTOHHAS HHIYKTHBHOCTh KaOEJIs;

TOTOHHOE COTIPOTHBIICHHE Ka0OeIw,

CEUeHHE H CIOCO0 3a3eMIICHUA SKpaHa Kalens.

2.3.3 st KBJI 3710 crieayromue XapakTeprUCTHKH:
JUTHHA W TIapaMmeTpbl Bo3aynHoi yactd KBJI (m. 2.3.1.);
JIIMHA ¥ mapaMeTpsl kabemsHo# 9acta KBJI (. 2.3.2).

2.4 MunrnmMansHOe BpeMs cpabateBanms P3 Ha paccmaTpuBaemsix JIOII.
2.5 MuHAMAanbHOE COOCTBEHHOE BPEMsI OTKIIFOYCHHSA BEIKIIOYATENeH.
](1)
2.6 Pe3ynbTarsl pacueTOB CyMMApPHBIX TOKOB OmHO(a3HOro /i3 ® TpexdasHOro
[(3)
K3 KOPOTKOrO 3aMbIKaHWs Ha ImMHAX Bcex paccmarpuBaeMsix [IC  u tokoB K3,

o I(l) ](3)
noaTekaromux k Mecty K3 co croponst uccnenyemsix manmit (/57 u Igy).

3. PacueTHble cxeMbl 2JIEKTpOnepeaayu

CxeMa »sneKTpomepeAayd JUil aHAAH3a OCHOBHBIX XAapAKTEPHCTHK M pacuera
TIEPEXOAHBIX IMPOLECCOB MPH KOMMYTAIMAX JIMHEHHBIMU BBIKTIOYaTesiMH BJI mpuseaeHa
Ha pHUCYHKe 3.1.

B4

' :

AR NENEN
rb1 %%% rpz
Lp1 Lp2

Pucynok 3.1 Pacuérnas cxema siekrponepenadu

£ Lsq 131

Jlns mpoBeJCHHUS MCCIICAOBAHMI B NPHBEACHHOH CXeMe HEOOXOAUMO HAa OCHOBE
TPeIBAPUTEIEHO COOPAHHBIX HCXOAHBIX JAHHBIX OTPEACIHTH CIICYIONIHE MAapaMeTPHL.

3.1 [apameTps! TPUMBIKAIOIIMX K THHHH CHCTEM:
Fsi,  Fsi0 — AKTHBHBIE COMPOTUBIICHHMS CHCTEMBI 1 a1 MpAMOH M HYJIEBOH

nocnenosareapHocTel das (Om);

Ly, Ls1o — 'HIYKTHUBHOCTH CHCTEMBI 1 JU1 MPAMOH M HYJIEBOH MOCIeI0BATENbHOCTEH
a3 (I'n);

7, Fs0 — AKTHBHEIE COIPOTHBICHHS CHCTEMBI 2 JUIi NpAMOH M HYJIEBOMH
mocnenosareapHOCTeH das (Om);

Ly, Lo — 'HIYKTUBHOCTH CHCTEMBI 2 JUI MPAMOH M HYJNEBOH MOCIIEA0BATENbHOCTEH

¢a3 (Tn).
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HupyKTUBHBIE TAPaMETPHI CHCTEM ONPEAETIAIOTCS 10 U3BECTHBIM CYMMAPHBIM TOKAM
@ 3
oaHO(pa3HOTO Iy u Tpex¢asnoro 7 ,(<3) KOPOTKOTO 3aMbIKaHHsI HA IIUHAX CUCTeMBI 1 (Hmd
cuctemsl 2) m TokoB K3, moarekaromumx k mecty K3 co cTOpoHBI paccMaTpuBaeMOit
1) 3)

mammn (Igy u I5y).

WupykTWBHOCTH ~ cHCTeMBI 1 (WM CHCTEMbI 2) [yl OPAMOM W HyJeBOM
nociIeIoBaTenbHOCTEH (a3 mpu usBecTHsIX TOKax K3 onpeearoTes Mo BHIPaKEHHAM:

E
LS| = 1(3) > (31)
O Lyzg
3-F
leO = 1(1) _2"[’317 (32)
O Lyzg
3 _g® 3) [CORN (D) 1)
e ]K3sl _]KS _IBJ'I’ IK351_[K3 —[BJ'I'
AKTHBHBIE COIIPOTUBIICHUSI CHCTEM NIPUHUMAIOTCS PABHBIMH
o-L,
ry=—>t, (3.3)
0,
®-L,,
V0 = =, (3~4)

QS

rae Qs — TOOPOTHOCTH CHCTEMSI, IPUMEPHO paBHAsA NOOPOTHOCTH TpaHCdopMaTopa,
ycranoBneHHOTO Ha [1C (Qs~ 50+70, onpeAenseTcs Mo COPaBOYHBIM JTAHHBIM ).

3.2 IMapameTpsl Tpéxdasnoit BJL

ITo cnpaBouHHKaM, HIIM B pe3yibTaTe PacyeTOB MO CHELHAIBHO pa3paOGOTAHHBIM
nporpaMMaM pacyéTa IMOTOHHBIX mapamerpos BJI, uiu mo BcTpoeHHBIM OJI0KaM pacuera
mapametpoB BJI B nporpammubix npoayktax EMTP wma MATLAB  Simulink
OTPEIETIAIOTCA MOTOHHEBIC H BOHOBEIC ITAPAMETPHI THHHH:

7|, ¥p — TMOTOHHBIC IPOAONBHBIC AKTHBHBIE CONpOTHBICHHMA BJI nma mpsamoi u
HyJIeBOH mocinenosarenpHocted ¢as (OM/km);

L, Ly - nmoronnsile wuHAykTHBHOCTH BJI a1 rmpAmoii u  Hynesoit
nocaenosaTenbHocTed das (IH/km);

Cy, Co— moronnsie émkoctd BJI mas mpsaMoit u HyneBo# nocnenoBaTeapHOCTEN (a3
(O/xm).

(B makere FEMTP MOAemupyrOTCs 4YaCTOTHO 3aBHCHUMBIE IIAPAMETPHI, a TaKXKe
TpaHCTO3UIHs TIPOBOIOB BJL.)

3.3 Ilapamerpst HIP, ycTaHOBIEHHBIX B Ha4ajle JHMHHH OTHOCHTEIIBHO
KOMMYTHPYEMOTO BEIKIIFO9ATEIIA:

L, — mapykrusHOCTS (hassr ogroro TP (I'H) onpenensdemMas no BEIPa)KEHUIO

2
X i) _ Upa6.max
Lp =j’ Xod _Q—; (3.5)
P

Fp — aKTUBHOE compoTuBiieHue oaHoro I[P (Om), ompenenseMoe 1o BbIPayKEHHIO



el

P U, U oo
e T Ly=ER Upy == (.6
pd pd

rae

Q, - peakTHBHas MOLIHOCTb Tpex (a3 IIIP,

Ups6.max — HauOoONbIIee pabouee (JIMHEHHOE) HAIPSKEHHE,

Py — axTBHBIE TIOTEpH B (aze 0OMOTKH (IPHUHHMAETCS 1O CHPABOYHHKAM HIIH
HCXOJIS M3 XapaKTEPHCTHK YCTAHOBICHHOTO 000Dy JOBAHIA).

Ilpu ycraHoBKe B Hayale IMHUH IBYX OJWHAKOBBIX TPYI IIyHTHPYIOIIHX
PEaKTOPOB L= Ly/2, ry= ry/2.

3.4. ITapamerper I[P, ycTaHOBNEHHBIX B KOHLE JHHHH OTHOCHTEJIBHO
KOMMYTHPYEMOTO BBIKITFOYATEIIA:

L, — mapyxtusHocth (aser oguoro IIP (Fw);

7, — aKTHBHOE conpoTusierue Gassl oguoro 1P (Om);

IPY YCTAHOBKE B KOHIIE JIMHUH JIBYX OAMHAKOBBIX IPYI IIYHTHPYIOIHX PEAKTOPOB
Lp=Lpf2, rpp=ry/2.

3.5 Pacuerer mpoueccoB B JIOII ¢ mpumenenuem KJI MOXHO IpOBOIHTH B
onHO(a3HOH cXeMe, MOCKONBbKY KaOembHble qHHUH BH coopykarorcsa ¢ mpHMeHEeHHEM
kaleneil ogHOXMWIBHOrO HcnonHeHua W BkmoueHne KJI Ha K3 manosepoarHo (AIIB Ha
KJI me mpumensercsa). Pacuernas cxema snektpomepenaud ¢ KJI BH mpusenena Ha
pucyske 3.2.

E L U ke Lo
g .
b Ip1 p2
Lps Lpa

Pucynok 3.2 PacuerHas cxema snekrponepenaun ¢ KJI BH

E

Jns mpoBedeHWS WCCIelOBAHHI B NPHBEACHHOH cxeMe IMpeABAPHUTENHHO CIEAYET
TMOMHMO TIAPAMETPOB NpHMBIKAIOIMUX cucteM (MyHKT 3.1) u IIP (nymxr 3.3 uw 3.4)
OTPEJCTNTH [0 CIPABOYHHUKAM CIICAYIOLIHE MapaMeTpsl KaOeTbHOM JIHHUK:

7| — IOTOHHOE TPOIOIBFHOE AKTHBHOE CONMPOTUBIICHHE kabema (OM/km);

L, — oroHHy0 (ha3Hyr0 HHIYKTHBHOCTH Kabeit (I'H/km);

C — moroHHy0 GasHyr eMKOCTh Kabems (D/km).

3.6. Ilpu mpoBeieHHH pacdeToB B cxeMax, coxepxamux KBJI (pucynok 3.3), gacte
JjekTponepenadd moxaenupyerca Tpexdasznoit BJI ¢ mapamertpamu, ompeielieHHBIMH
apamormaHo 1.3.2, wacte JIDII Momenupyercs TpeMs OFHOKHIBHBIMH KabOelaAMH C
mapaMeTpaMH, ONPEAEIeHHBIMU aHAIOTHYHO 11.2.3.2.
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B] B.JI ~ KJI . Bz/
; ; > Ly T2 E:
- > a -
— \
rp2
Lpl Lp2

Pucynox 3.3 Pacuérnas cxema snekrponepenauu ¢ KBJI

4. Pacuyerbl 0CHOBHBIX XapaKTEePUCTHK KOMMYTHPYEMOI0 TOKa

4.1 PacueTsl OCHOBHBIX XapaKTEPUCTHK KOMMYTHPYEMOTO TOKA CIIEAYET IIPOBOIUTH
JUTSL BCEX BO3MOKHBIX CHMMETPHYHBIX H HECUMMETPHUHBIX PEXHMOB (B COOTBETCTBHH C
TIEPEYHEM I1.6) C HCIIOIB30BAHHEM CIIEIHATN3HPOBAHHBIX TIPOTPAMMHBIX IIPOTYKTOB.

CocTaBneHHE  pacdyeTHBIX  MOJENEH  HPOM3BOJUTICI B  COOTBETCTBHH C
pexoMeHmarmamu [1].

KpureprieM  IpaBWIBHOCTH  MOJEIHPOBAHMA  INEPEXOAHBIX  IIPOIIECCOB  C
HCIOJTB30BAHUEM CICIHATH3HPOBAHHBIX PHUKIAJHBIX TPOTPAMM MOTYT CITY>KHTH PaCcUEThI
10 AHATUTHYIECKON METOIHKE.

4.2 AHanmuTuyecKas METOJUKA MOXKET TAKKE MCIONB30BAThCA U1 BBIABICHUA
HEOOXOIUMOCTH OTPAHMYCHHS AIEPHOIMISCKOH COCTaBILIIOIEH B TOKE BBIKIFOYATEINA.
OCHOBHBIE X2PAKTEPUCTHKH KOMMYTHPYEMOTO TOKAa B JIMHEHHOM BBHIKITIOYATENE MOMKHO
paccUUTATh IO CXEME 3aMEMICHHSA, MOACIHPYIOIIEH B OJHOIUHEHHON NOCTAHOBKE 3aJa4l
BrroucHus munun ¢ [P, moakmoyenHsiMu o kKoHaM JIOIT (pucyrok 4.1).

BJI (KJI, KBJI)

Pucynok 4.1 Pacuérnas onHonuHeiiHas cxeMa 3JIeKTponepenayt

Jums mpoBeneHWA — pacdeTOB B cXeMe pHCYHKa 4.1 HeoOXO0mHUMO OmpeaeiuTh
ClIeIyIoIpe apaMeTpsr:

HHJyKTHBHOCTD (L ) ¥ aKTHBHOE COMPOTHBIICHHE (7 ) IPHMBIKAOIIEH CHCTEMBbI ISt
MPAMOH MOCIIE0BATEHHOCTH (a3;

HHAYKTHBHOCTh (L) M AKTHBHOE CONPOTHBIEHHE (F,) PEAKTOPHOH IPYIIIEL
YCTAHOBJICHHOM B HAYaJI€ JIMHAK MO OTHOIIEHHIO K KOMMYTHPYEMOMY BBIKITHOUYATEIIO;

HHAYKTHBHOCTb (L) M aKTHBHOE CONMPOTHBIEHHE (Fy) PEAKTOPHOM TIpyMNEL,
YCTAHOBJICHHOM B KOHIIE THHUH M0 OTHOMIEHHIO K KOMMYTHPYEMOMY BBIKIIOYATEIIO;
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TapaMeTphl JIHHHUHM UIHHOH /gy AJA TPAMOM MOCIEAOBATENbHOCTH (a3 (MOroHHas
MHIYKTUBHOCTB |, IOTOHHOE aKTHBHOE COMPOTHBJICHHE #; U IOTOHHAS eMKOCTh C).
4.3 Tok B BEIKIFOYATENIC B JTFOOOH MOMEHT BPEMEHH ONPEIEIHICTCS MO BBIPAKEHHIO

[1]:
iB (t) = iBLIH. (t) + iaH.Hep_(t) + iIcon.nep.(t)? (4.1)
rae
I ) =1 -cos(®-t+y) - BBIHY)KJICHHAs  COCTAaBISIOMAs  TOKa

TIPOMBIIIIEHHOM YaCTOTHl B BBIKIIIOYATEIIE;

. —8,1t

Lo nep =1 anep.p1 € " - amepHOIHMYECKAs COCTABIMIONAA TOKA B BHIKIFOUATENC,
oIpenenieMas B OCHOBHOM IEPEXOJHBIMHU MPOLIECCAMH B PEAKTOPAaX, YCTAHOBICHHBIX HA
JIMHUY;

im,nep(t) =1 € ! - cos(®, - £ + \Vncp,) - 3aTyXawomas 3a HECKOJIBKO IIEPHOMIOB
MPOMBIIUIEHHOW YacTOTBI KOJeOaTembHasi COCTABIAIOMAS TOKA B BBIKIIOYATENE,
ompenensgeMas mepexo HbIM MPOIECCOM B JTHHHH.

B mnpuseneHHBIX BBIPAKEHUAX M Jajleeé MO TEKCTY MeETOAMKHM HCIOIB3YIOTCA
AMIUTMTY/AHbBIE 3HAYCHHUS TOKOB U HAPSKCHUH.

4.4 OCHOBHBIMH XapaKTEPUCTUKAMH IIEPEXOTHOIO MPOLIECCa ABIAIOTCS:

JEKPEMEHT 3aTyXaHUsA AaNepUOAMYECKOM COCTABILIIOMEN TOKA B JIHMHEHHOM
BBIKIOYATETE Oy,

COOCTBEHHAS YaCTOTA KOJIEOAHHH (),

JEKPEMEHT 3aTyXxaHWs O KOjeOaTelbHOM COCTABJAIONICH TOKA B JIHHEHHOM
BBIKITFOYATEIE,

4.5 JIeKpeMeHT 3aTyXaHWs AanepHOJUYECKOM COCTABIIIONIEH TOKAa B JIMHEHHOM
BBIKIIIOYATENC MPH BKMOYeHWH JwMHMHA ¢ I[P, nogkmo4YeHHBIMH B Ha4yajle IJIHHUMA
OTHOCHTEJIPHO KOMMYTHPYEMOI'O BBIKIHOYATEISA, ONPEEIACTCS MO BHIPAKEHHIO:

o+,
pl LS +Lp1 2 (4.2)

JexkpeMeHT 3aTyXaHWs amnepHOJHYECKOM COCTABIAIOMIEH TOKA B JIMHEHHOM
BBIK/IHOYATECIC MPH BKIIIOYECHHUH JIMHUH C IIYHTHPYIOIIUMH PEAKTOPAMH, MOAKITFOYEHHBIMHA
B KOHIIE JIMHUW OTHOCHTEJIBHO KOMMYTHPYEMOTO BBIKIIOYATENSA, JJIs SKBUBAJICHTHOM
PpacueTHOM CXEeMBbI, MPHUBEICHHON HAa pUCYHKE 4.2, onpeAesieTca N0 BBIPA:KEHHIO!

Vot +1,

p2 >
L+ Ly + L,

(4.3)

rac



z,-sind 1
Fon = 1 Ly Lgy = PR Cgp = >
w-z ctg—
w'ClLg >
L
z, = Fl’ A=l JL,-C,, (pan.).
1

Zy ®W A  BONHOBOC CONPOTHBIEHHE H BOJHOBajA MJIMHA JIMHHM JUIA IIPAMOI
MOCIENOBATETFHOCTH (as3.

Pucynok 4.2 PacuérHas cxema AJs ONpeneneH:s anepHOAnYecKOi COCTABAIOLICH TOKa
B BBIKJIIOYATEJIC [TPA MOACIIUPOBAHNUHN JIMHHUH I1-cxemoit 3aMelICHUA

4.6  Pacuér BBIHYXKICHHOH COCTaBIAIOMIEH TOKA B BBIKIIOYATENIE C YYETOM
pacIpesIeIeHHOCTH TApaMeTpoB JIMHUK (HO 0€3 y4éTa aKTHUBHBIX CONPOTHBJICHHIA
3JIEMEHTOB CXEMBI) IPOU3BOIUTCA B CXEME PHUCYHKA 4.3.

BxomHOE CONPOTHBIICHHE JIHHHU C PEAKTOPOM, MOIKIIOYEHHBIM B KOHIE JIHHHH,
ONpPEAEAETCA IO BEIPAXKECHHIO:

Zy = J2, tgA +a, ), (4.4)

rue

_ 1 XPZ X .= . L
a, =ardg —= |, =0

w

Mopayne TOKa B BRIKIIOYATENIC B CXeMe Ha pUCyHKe 4.3 (Ipu 3aMeHe JIMHHON
JIMHHH C PEAKTOPOM Ha KOHIIC BXOAHBIM COIPOTHUBJICHHUEM ) OTIPEEIACTCS 1O BHIPAMKCHHUIO!

E L, U,
i
—_—
lg
Zox
Ly

PucyHok 4.3 PacuérHast cxema 3JIeKTPONepeNadn pu yuéTe
pacrnpeneneHHocTy napamerpos BJI

f =2 (4.5)
BBIKI Z 2 .

z




Z X
roe ZE=BX—IJI+XS, Xp1=(0-Lp1, XS:(I)‘LS,
Z.+X,

E — avmmatyaHoe (a3HOE HANIPSKEHUE CETH.

4.7 HauanpHOoe 3HAaYEHHE AaNCPHOTUYCCKOH COCTABILTIOMICH TOKAa B JIMHEHHOM
BEIKJTFOUATENIe onpeaenaeTca npoueccamu B 1P, MOOKMOYEHHBIX K JIMHUML.

BI)IHy)KL[CHHBIC COCTaBJIAIOLIIHUC HaHpH)KCHI/Iﬂ B Ha4ajc U B KOHIC JHHUH
OMPEIENAIOTCSA TIO BRIPAKEHUAM:

E, -cosa sin(d+a,,)

UBblH.H =

sinf2 + o + apz) (4.6)

_E-cosa, sina,

BBIH.K

sin(A+ o+t ) “.7)

rac

o, = arct X
S3 g Z >

w

X
o, = arctg 7”}

w

X, X,
X+ X,
_EX,

X +X

BBIHY)KILGHHBIC COCTaB/IAIOIIHE TOKOB B PEAKTOpPaxX, YCTAaHOBJICHHBIX B HA4YaJIC U B
KOHIIC JIMHUH, OIIPCACIIAIOTCA 110 BBIPAXKCHHUAM !

1’ . UBBIH.H [ _ UBBIH.K (4 8)
pl ™ > p2 : .
X bl X 2
HavanbHble 3HAYEHMA aepHOJUYECKUX COCTAaBIAOmMMX TokoB B [IIP1 u IITP2 mpu

BKITFOYEHHH TIEPEMEHHOM 3.11.¢. e(f) = [£SIn(® - ¢ + \J/) onpeAeNsaroTes Kak:

Loepp1 = 5,1 (0) = 1, cos(y) | (4.9)
]anep.pZ = lpZ(O) - Ipz COS(W)J (4 10)

ITpu oTCyTCTBHHM HAYATBHOTO TOKA B peakTopax (i,1(0)=0, i»(0)=0):

]anep.pl = —]pl COS(\]}), ]anep.pZ = _IpZ COS(W) .



14

AIICpI/IOI[I/I‘ICCKaﬂ COCTABI/AIOMIAA TOKA B BBIKIIIOYATCIIC B CXCMAX C ABYMA I'PYIIIIaMH
PE€AaKTOPOB, YCTAHOBJICHHBIMHU IO KOHLIAM JIMHUH, COCTOHUT H3 CYMMBI IBYX JKCIIOHCHT, Y

KaKIOH U3 KOTOPBIX CBOM AEKPEMEHT 3aTyXaHUA:

. _ —6prt ~Opat
lanep.B.(t) _Ianeppl'e ’ +Ianep.p2'e o (4.11)

ITpu ycranoske IIIP Tonbko B HaYasIe JIMHUY, aNEpHOAMYECKAs COCTABIIAIOMIAA TOKA
B BBIKIIKOYATENIE ONPEACITUTCA KAK:
. 8yt
— . pl
lanep.s.(t) Ianep.pl e . (4_12)
ITpu ycranoBke IIIP TOnbkO B KOHLIE JIMHHH, allEPHOAMYECKAs COCTABILIONMAs TOKA
B BHIKIIFOYATEJIE ONPENEIUTCA KAK:
. ~8pyt
— . p2
lanep.B_(t) - Ianep.pZ e . (4_13)

4.8 OmnacHPIMH ¢ TOYKHM 3pPEHHUS YCHEIIHOTO TallleHHs AyTH B BBIKIIOYATENIe
ABILIFOTCS CIIydad HE IIEPEX0Ja 4epe3 HOIb TOKA B BBIKIIFOYATENIE, UMEIOIIETO JIMIIb JBE
COCTABILIONINE — BBIHYKJCHHYIO M ANEPHOJUYECKYI0 MEPEXOAHYI0  (TOCie 3aTyXaHWs
BBICOKOYACTOTHOM KOJIEOATETPHOM NMEPEXOTHON COCTABIIAIOLICH).

Bpems or MOMeHTa Hauana MNPOTEKAHUS TOKA 4Yepe3 KOHTAKThl BBIKIOYATEI JO
Iepexoja 4Yepes HyJleBOoe 3HAYCHHWE TOKA B BBIKIIOYATeNle IIOCHE  3aTyXaHus
KONIe0aTebHOM IEPEXOTHOM COCTABIIIOIIEH ONPENETIAETCS MO BEIPAKEHUAM:

UL CXEM C PEAKTOPAMH, YCTAHOBJIEHHBIMH B Hadane BJI

. N7 e —In|/,,..|
on — > (4.14)
o ol
JUISL CXEM C PEAKTOPaMHU, YCTAHOBJICHHBIMU B KOHLE BJI
t ln ]anep.B - 1n|]m.n<n.|
ok — > (4.15)
o 02

UL CXEM C PEaKTOPaMH, YCTaHOBJIEHHBIMH 110 KoHIAM BJI, HeoOxoaumo nmocTpouTh
OTHOAOIIYI0 KPUBYIO M ONIPEJEIHTH BPEM €€ Mepexo/a yepes HyJIeBOE 3HAUCHHE,

for (1) = o () || (4.16)
rae
I anep.s - HavaJlbHOE 3Ha4YeHHE (NpH /=0) anepHOAMYECKOH COCTABIAIOMEH TOKAa B

BBIKJTOUATeNE, onpeaenseMoe no BeipakenmwsMm 4.11 (mma cxem ¢ 1P, yctaHOBIEHHBIME
o oboum kouiam BJI), 4.9 (mna cxem ¢ LIIP, ycraHoBneHHsIME TONIBKO B Havase BJI) wmu
4.10 (ama cxem ¢ I1IP, ycTaHOBIIEHHBIMH TOJIBKO Ha KoHIE BJI),

Iy, — AaMIDIMTYZHOE 3HAYCHHE BHIHYXKACHHOW COCTABJAIONMIEH TOKAa B
BBIKITFOYATEIIE, OTIPEJEIAEMOE MO BRIPAXKEHHUIO 4.5.

Bpemsa mpakTHueckH MONMHOTO 3aTyXaHUA ANEPHOAMYECKOH COCTABILAIOMIEH TOKA B
BBIKJIFOYATEIE ONPEAECIIAETCA MO BRIPAKEHUIO:



Lrs (4.17)

4.9 Tlpu pacuere cxem ¢ KJI B crny HX HeOOIBINON MPOTAKEHHOCTH (HEOOIBIIOTO
AKTHBHOTO CONPOTUBIICHUA Ka0ems) ponmyckaercs Bee 1P, ycTaHOBIEHHbIE HA THHUY, IPU
OIICHOYHBIX pacyeTax IMo0 aHATHTHYECKOH METOAMKE, IPHCOCIUHHATH K HAYAITy HITH KOHILY
KJL

4.10 Tlocme mnpoBemeHHs pacuyeTOB OCHOBHBIX IIAPAMETPOB amepHOAMYECKOM
COCTAB/MIOMIEH TOKOB B JIMHEMHBIX BHIK/IIOYATENSIX M BBIHYXKIEHHBIX COCTABJITIOLIMX
HANPSUKCHHH HA PA30MKHYTOM KOHIIE JIMHUH CJIEYET BBITOJIHUTD CIIEAYIOTHE ACHCTBHSA.

4.10.1 CpaBHUTH NONyYeHHbIE MMEPEHANPSIKEHHS IO BEIUMYUHE C JOMYCTHMBIMH,
pernamentupyemsiMu  [OCT 1516.3-96, ¢ y4eToM JUIMTENBHOCTH ONEPATHBHBIX
TICPEKTFOYEHHI, U ¢ JOMyCTHMBIMH o mmaTebHOCTH M1 OIIH  (ycTaHOBICHHBIMH Ha
JIDM) [2,3] nma pasmuusoro coctaBa IIIP va JIOIT ans HOPpMaBHBIX M HAUOOJIEE TAKETBIX
TIOCICABAPHIHBIX (PEMOHTHBIX) PEKHMOB TPH BKITIOYCHHAH JIHHAH CO CTOpoHEI 00eux [1C,
K KOTOPBIM OHA IIPUMBIKAET.

4.10.2 Ha JIBII, ocHameHHbIX JUHEHHBMM (ME) IIP MokeT BO3HHKATH pe30HAHC
HaNpKEHHM B CXeMaX ¢ HaJH4HeM XOTa Obl omHod (aszer JIDII, oTKmoOYeHHOM ¢ ABYX
CTOPOH, u x0T Obl omHOM (paser JIDII, moAKIOUEHHOH XOTA OBI C ONHOH CTOPOHBI K
HCTOYHUKY NHTaHuA. Kak mpasmino, 114 MCKIIOYEHHMA BO3HHKHOBEHHMsS PE30HAHCA,
pexomennyetcs orkmodars I[IP, B may3y AIIB, a taioke mpu moctanoBke JIOII monx
HampspreHue [2-3].

CxeMBI C KOJHMYECTBOM PEAKTOPOB, IPH KOTOPOM HAOJIOMAETCA PE30HAHC W3
JMATBHEHUTIIHX PACUETOB ANEPUOAMIECKON COCTABIAIONIEH HEOOX0IHMO HCKITIOYHTD.

4.10.3 Pe3ynbTaThl IPeJBAPUTENLHBIX PACYETOB 3aHECTH B Ta0IHIy 4.1.

Tao6nwuuoa4l - PesympraTel pacuera BbIHY)KAEHHBIX COCTABILSIFOLIMX HANpPSDKEHUS Ha
pasomkayTtom koHue JIOIT B pexkuMe OXHOCTOPOHHETO CUMMETPHUYHOTO BKITIOYEHHUS] M OCHOBHBIX
XapaKTepUCTUK KOMMYTHUPYEMBIX TOKOB, IPOTEKAIOIIMX YePE3 IMHEUHBIE BBIKIIFOUATEH

Konugectso
CTOpOHa TOKTFOUEH U U UBBIH K I I t t
b ) - K Ha4. BBIH.K B.BBIH arm 0, 0o,
» BI:T}O Hbix K JIDII P kB ,kB Usorsgmn | Ko A A | ¢ c
YECHUsA
1P
IIC 1 1,0
1| me1 | oMY 11 390 | 0956 | > | 50 |500]04 ]| 0,08
omun y I[1IC 2 5

2 IIc 1 omun y IIC 1 | 0,55

3 Ic 1 omun y IIC 2 | 0,55

4 IIC 1 HET 0
omun y I[IC 1

5 Ic 2 ot y TIC 2 1,1

6| MIC2 |ogun yIIC-1]| 0,55

7 IIC 2 omun y IIC-2 | 0,55

8 cz2 HET 0
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B Tabnuue 4.1 npuHATHI CIeAyIOmEe 0003HAYCHHS

Ugaw. — aMumaryaHoe (asnoe Hanpspkenue Ha muHaxX [1C co CTOPOHBI BKIIOYEHUS
no moctaHoBkH JIOII mox HampsDkeHHE B HOPMAmbHBIX W HAHOOJNEE THKEIBIX
MOCIIEABAPHITHBIX (PEMOHTHBIX) PEXKHMaX;

Upynx — AMIUIHTYJHOE 3HAYCHHE BBIHYXICHHOH COCTaBIAIONICH HANPSKCHHS HA
KOHIIE Pa30MKHYTOH JIMHUH,

Kion — AOMYCTUMas KPATHOCTb BBIHYKACHHOH COCTABNIAIOLIECH HANPSIKCHUS;

K, — x03(QpHIHEHT KOMIEHCAIMH EMKOCTHOTO TOKA, T€HEPHPYEMOro JIMHHEIH,
MHAYKTHUBHOCTEIO I1IP, NOAKIIOYEHHBIX K JIMHHUH
0) 2U*?
> _ HOM
K = £ 5 Q3 - 2« > (418)
)
3 Z, -ctg—
2
rae

Opy - CyMMapHas MOITHOCTS I1IP, MoAKIFOYEHHBIX K IMHUH;
(0, - peakTHBHAsA €MKOCTHAas MOINHOCTb, reHepupyemas JIOI (mms KJI
3apsOHas MOIIHOCTb JIMHHM OIIPEJETAeTC 0e3 yueTa pacHnpenesIieHHOCTH € IapaMeTpoB

o BEIpaxkeHmio (), = NERY wont* Lap )

L., — 3apsmmbni Tok (aser KJI mpu yacrore 50 I'm);

Iy 5y — BBIHY)KICHHASA COCTABIIAIOIIAS B TOKE BBIKITIOUATEIIS,

1,; — HavaNbHOE 3HAYCHHE aNIEPHOTHYECKOH COCTABIIONIEH TOKA B BHIKITFOUATE]IE.

t, — BpeMd OT Hayala KOMMYTAlHH /O TIEPBOTO TIPOXOXICHHSA YEPe3 HYJICBOE
3HAYCHHE TOKA B BBIKITIOYATEIC,

logon— CYMMa MMHHMMAJIBHOTO BPEMEHHM CpadaThiBaHWA 3AIIUT M MHUHUMAIBHOTO
COOCTBEHHOT'O BPEMEHH OTKIIFOUCHHS BEIKIIFOUATEIA.

4.10.4 YcmoeueM ycnemHoro otkmoueHus JIOII spnsercs

£o < fonon- (4.19)

Ha ocHOBaHMM TONYYEHHBIX PpE3YJBTATOB IPH HECOOMIOAEHHH 3TOTO YCIIOBHSA
CIIEAYET CAENATh BEIBOJ 0 HEOOXOAMMOCTH MPUMEHECHHS KOMIIIEKCA MEp, ITO3BOIOMUX
TIPEOTBPATHTH OMACHBIE JUTS BHIKITFOYATENS PEXKUMBI SKCIUTYATAIHH TIPH KOMMYTHPYEMBIX
TOKaX, COJICPKAMIHAX alIEPHOAMIECKYIO COCTABIIIONIYIO.

4.11 Jna mnpoBepkd S(GQPEKTHBHOCTH BBIOPAHHBIX MEp 10 OrPaHHYCHHIO
aTNIepPUOANYECKON COCTABIAIOMEH B OTKIIOYaEMOM TOKE HEOOXO0IUMO:

TPOBECTH YHMCIICHHBIE HCCIIEA0BAHUS C HMCIOJIb30BAHHEM IPOTPAMMHBIX IPOJYKTOB
JUL MOJIETTMPOBAHMSA 3JIEKTPOMATHHATHBIX NIEPEXOAHBIX MPOLIECCOB B JIEKTPHICCKUX IETIAX
u cersix (EMTP, Simulink, w np.) Bcex BO3MOXKHBIX B SKCIUTyaramuu kommytaiuii JIOIT
BH, ocHamennpix IIP u 351era30B5IMH BRIKITFOUATEISIMH;

HA OCHOBE TEXHHKO-DKOHOMHYECKOTO CPaBHEHHs BBHIOPATh ONTHMANBHBIA A
KOHKPETHOH CETH BapHAHT OTPAHHYCHHS AINECPHOJUYECKOM COCTaBISIOmMEH B
KOMMYTHDPYEMOM TOKE.
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4.12 llpu mnpoBeAEHHHM YHUCIICHHBIX HCCIENOBAHMM NPHUHATH BO BHUMAHHE
cleyroniue MOMEHTHI [ 1].

4.12.1 Yron (da3a) Hanmpsoxenns Ha mmHAX [IC TpH BKIIOYEHHH BBIKIIOYATEA
BIIWSIET HA BEIMYHHY aNePHOINYCCKON MEPEXOAHON COCTABIAIOMIEH TOKA B BBIKIIOYATEIE.
MakcuManbHOE 3HAYEHHE AaNECPUOJHYECKOM COCTABILIIOIIECH OTBEYACT BKIIOYEHUIO B
MOMEHT MHMHHMMAJIBHOTO  HANPSDKCHHS HAa KOHTAKTAaX BBIKIIOYATENs (IPH HyJIEBOM
HA4YaIbHOM 3apsjAe Ha JIMHUM — BKIIOYCHHE B MOMEHT HYJIEBOIO HANPsKCHHA HAa IMUHAX
cucteMbl). B 3TOM cimydae mepeHanpsoKeHHsA Ha JTHHHM MHHUMABHBL [Ipu BKIOYEeHHH B
JPyrH€ MOMEHTHI BPEMEHH HA4aJbHOE 3HAUCHHE AINEPHOJHYECKON COCTaBILIIOMEH TOKA
YMEHBINAETCA, a IEPEHAIIPAYKEHH BO3PACTalOT.

4.12.2 Bpems 3aTyxaHHd anepHOAMYECKONH COCTAaBILIIOMICH B TOKE JHMHEHHOIO
BBIKITFOYATETSA, 3aBHCUT MPEXAE BCEr0 OT HOOPOTHOCTH 3eMeHTOB cxeMbl (ILIP, muxum,
CHIOBBIX TpPaHcGOPMATOPOB H T.O.). BpeMsa monMHOro 3aTyXaHHA amnepHOTHYECKOH
COCTAaBIISIONMICH TOKA B BBIKJTFOUATEJIC JICXKHT B AHama3oHe ot 0,5 10 5 ¢.

4123 B cxemax ¢ K03(p(PUIHEHTOM KOMIEHCALMH PEAKTHBHOH MOIIHOCTH,
TEHEPUPYEMOH JIMHUEH, INYHTHPYIOUMMH peakTopaMu, NoAKIoYeHHbIMH Ha JIOIT, K,
< 0,5 BBIKIOYATENH KaK MPABHIO YCTEIIHO OTKIIOYAET TOKH B HETIOBPEKIEHHBIX (pazax
3a BpeMs HE MpPEBHIIAIIIEe CYMMY MHHHMAJIBHOTO BPEMEHH CpaOaTBIBAHHA 3AIIUT H
MOJIHOT'O BPEMEHH OTKJIFOUEHUs BBIKIIFOYATEN BO BCEX CXEMHO-PEKHMHBIX CUTYaLUAX.

5. BoiGop mMep U CpeACTB MO YMEHbLIEHHI0 aNlepHOAHYECKOI COCTABAIOLIEH

TOKOB B BbIKJIIOUaTE/Ie

Jns cHWKEHUs BIMAHHA (YMEHBINCHHS HAYaIbHOTO 3HAYEHHA) alepHOAUYECKOH
COCTaBILIOIMEHA HAa HAJEKHOCTh JKCIUIyaTallMd BHIKIIOYaTeNied C HHTEHCUBHBIM
IOyTOTaleHUEM MOMKHO IPEAYCMOTPETH CIIEAYIOIIHE MEPHI:

CXEMHO-PEKUMHBIE ~ MEPONPHATHA,  BKIIOYAIOIHE  yMEHBLICHHE  CTEHECHH
komneHcauuu K, (Hanpumep, yactudnoe orkmodenue IIIP) mepen skmouenuem BJI u
IPOrpaMMHPYEMOE  BKIIFOYCHHE (3apaHee  OMpEICNICHHBIH TMOPANOK  BKIIFOYCHHS
BeIKIOYaTened mo koHuaMm JIOII, B 3aBHCHMOCTH OT MOLIHOCTH MHTAIOIIUX CHCTEM H
paccranoBku IIIP, oOecneunBaromMii HAUMEHbLIHE 3HAYEHHSA  AMEPHOIHYECCKOH
COCTABJIAOMIEHN TOKA B BRIKIIOYATEAX ),

IIPUMEHEHHE JTMHEHHOTO BBIKIIIOYATENIS C IIPEIBKIIFOYaEMBIM PE3HCTOPOM;

TIPHMEHEHHE BBIKIIOYATEIE C MPEABKIIOYAEMBIM pe3ucTopoM B nenu I1P;

YIPaBIIEMOE BKIIIOYEHHE (BKIIOYEHHE B MOMEHT MAaKCHMyMa HANpPSHKEHHA Ha
KOHTAKTaX BBIKITFOYATEIIS ).

5.1 AnropurM HNpOrpaMMHUpPYEMOIO BKIIOYEHHS YCTAHABIMBACTCA II0 MPH3HAKY
HAUMEHBINETO BPEMEHH 3aTyXaHHs AaNepHOAHUYECKON COCTABIMIOMEH W HaHOOIbLIETO
3HaYCHUS BBIHYKJACHHOW TIEPHOJHYECKOM COCTaBIomed Toka dactoTel 50 I,
MPOTEKAIOWIETO Y€Pe3 BBHIKIIOYATEND.

5.2 JIeKkpeMEHT 3aTyXaHHs anepHOJHYECKON COCTABIAIOMICH TOKAa OMpENeNnieTcs B
3HAYUTEIBHOM CTENEHH AKTHBHBIM COMpPOTHUBJICHHEM KOMMYTHPYEMOHW LemH (BKIIOYas
axtuBHOe conporusieHue JIOII), mosToMy, mpu BEIOOpE aNrOpUTMa MPOrPAMMHPYEMOTO
BkmodeHus JIOI, oOecrieunBarOmero yMeHbIIEHHE BPEMEHH 3aTyXaHHs anepHOIHIeCKON
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COCTABJIAIOIICH TOKA, CIEAyeT BO BCEX PEKHMMAX BKIIOYATh JIHHHIO CO CTODOHEL,
NPOTHUBOIONOKHOH KOHI[y, Ha KOTOPOM YCTaHOBIICHBI KOMIICHCHPYIOIIHE YCTPOMCTBA
Oompmielt cyMMapHOH MOLIHOCTH. Takoe BKIIIOYCHHE 00CCICYMBAET TAKKE MHHHMAIBHOE
3HAYEHHME BBIHYXJICHHOH COCTAB/SIOICH HANPDKEHHA HA KOHLE OJHOCTOPOHHE
BKJIIOYEHHOM JTHHUH.

5.3 Ilpu ycraHoBke Ha JIDII Heckompkmx rpyrmm [P yMeHBIIMTL HavaJIbHOE
3HAUCHHE allePHOJUYECKOH COCTABIMMOMIEH B OTKIIOYaEMOM TOKE MOXKHO 3a CYET
otkmoueHus yacTu [P nepes BKOYEHHEM BHIKIIIOUATENS, YMEHBIIHB NPH 3ToM Kj,. 910
MOXKHO BHIONHHTh KaK Mepes KOMMYTAIWeH INTAHOBOTO BKIFOYEHMA, TaK M IeEpes
MOBTOPHEIM BKIFO4YeHUeM B mukie AIIB (oTkmounts uacts IIIP 3a BpeMs “6ecTokoBoH”
nay3st AIIB).

Opnnako, yMEHBIIEHWE CTENEHW KommeHcauuu K,  nepen BkmoveHneMm BJI
MPUBEACT K YBEIUYCHUIO IEPCHANPHOKCHHI HAa Pa3OMKHYTOM KoHIEC TWHHH. OLEHHTH
3¢ ¢eKTHBHOCTS TaKOH MeEpH ClleAyeT Ha OCHOBAHHH IIPEABAPHTCIHHBIX PacdeToB,
CBEACHHBIX B TaOmumy 4.1, B KOTOpPOH TaKkke TPHBEACHHI 3HAYCHHS BBIHYKICHHBIX
COCTABIIAIOIMX HAMPSKEHHS HAa Pa3oMKHyToM KoHue JIOIT npu pasiuuHOM KOJTHYECTBE
TP na JIGIL

Ipu npoextupoBanmu HOBBIX nuHHH H IIC HeoOXomMMO OOOCHOBEIBATH MECTa
noakaroueHus [P (ra muaun nn Ha muHax [1C) kxak ¢ TOYKH 3peHHs HCTIONBb30BAHUA HUX
JUTSE OTPAHHYEHUS TIEPEHATPSUKEHUH, TaK U C TOYKH 3PEHUA YMEHBIIEHHUS allepHOIHIECKOH
COCTABJIAIOIICH TOKA B TMHEHHOM BBIKITFOUATEJIE.

5.4 3¢ dexkTHBHOCTE CXEMHO-PEKUMHBIX MEP CHIDKCHHS BIHAHHA allePHOIHYECKOi
COCTABISOIEH B OTKIFOUAEMOM TOKE Ha HAIEKHOCTH 3KCINTyaTAIMH BRIKITIOYATENeH Ha
KOHKPETHOM JIMHWM MOXXHO TIOBBICHTH NPHMEHSS OJHOBPEMEHHO MPOTrpaMMHPOBAHHOE
OCYINECTBIEHHE KOMMYTAIMH (BO BCEX PEXKHMAX BKIIOYCHHE JIMHAH CO CTOPOHBI,
TIPOTHBOIONOKHOH KOHIy, Ha KOTOPOM YCTAHOBJEHHI KOMIIEHCHPYIOIIME YCTPOHMCTBA
Oompmieii CyMMapHOH MOIODHOCTH) M yMeHbIIeHHEe Ko3(duImeHTa KOMIEHCAIMH
(qactrunoe otkmoueHue [P nepen srimouennem BJI).

5.5 Tlocie TIpOBeieHHs] YMCIIEHHBIX PAcYETOB CIEAYET PACCMOTPETH JOMYCTHMOCTD
peKoMeHITyeMOH MepBl HE TONBKO C TOYKH 3PEHHMSA YMEHBINEHUS AanepHOIMYECKOH
COCTABJIMIOIEH B OTKIIOYAEMOM TOKE, HO M € TOYKH 3PEHHA BO3ZHHKAIOIIUX
MEPEHANDSIKCHHM, YCTIOBHH JKCIDTyaTanuu 3amuTHeIX ammaparoB (OITH) m yrouneHms
TPH HEOOXOXAMOCTH TPeOOBAHMH K HX TEXHHYECKHM XapPaKTEPHCTHKAM.

5.6 B pacuerax ydecTh, 4TO OBICTPOE OTKIIIOUYEHHE MOXET BOSHHKHYTH B CITydae
J0KHOTO cpabaTemaEmst P3 mpm npoOHOM BKITIOYECHHWH aBapHiiHON (a3sl B IHKIE
yenensoro OATIB.

5.7 Jins BHOBb IMPOEKTHPYEMOIl JIMHHH HEOOXOIMMO TPEXYyCMOTPETH MEPOTIPHATHS,
obnerqaripe MoracaHue Jyrd MOIHUTKH 3a BpeMs “Oectokosoii” mayssl OAIIB u He
JIOTTYCKArOIIHE PE30HAHCHOIO NMOBBINICHHI HAIPSIKCHHs HA OTKIIOYEHHOH (ase mocne eé
moracanws [2,4].
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Beibop B KauecTBe MepBl OTPAaHHYCHHs AaNePHOAUYECKOH COCTABIIAIOIICH
ymeHnbleHne konuuectBa [P (c peaktopom B HelTpamu) TpeOyeT MOMOIHHTEIBHOM
MPOBEPKH PEXKUMOB “OecTokoBOk may3sl OAIIB.

5.8 Ilpm yctanoske Ha BJI BRIKMOYATened ¢ NPEABKIIOYAEMBIMH PE3UCTOPAMH
anepuoJuyecKas COCTABIAIONIAA B TOKE BOZHUKACT KaK HAa TEPBOM 3TAaIle BKTIOYCHHS -
IIPH BKJIFOUEHUH AYTOraCHUTENIbHBIX KOHTAKTOB, TAK U HA BTOPOM 3Tane BKITFOYEHUS — MPH
BKJIFOUCHHH TIJIABHBIX KOHTAKTOB, IOYHTHPYIOIHMX pe3ucToppl. Ha mepBom 3Tame
BKJIIOUEHHsI aMEPUOJHYECKas COCTABAIOMAA 33 CYET NPENBKIIOYAEMOTO PE3HUCTOpa,
BKJIFOUEHHOTO B IIETIb, OBICTPEE 3aTyXaeT, YeM B 1enu 0e3 pesuctopa. Ha Bropom stame
BKIIIOYEHUs BHOBb IIOABJIETCA Aale€pPHOAMYECKAs COCTABILIIONIAS, HAYABHOC 3HAYCHHE
KOTOPOM 3HAYMTEIBHO MCHBINE, Y€M HA NEPBOM 3Tane (aMIUTUTYAA amepHoaAHYECKOM
COCTABJAIOLIEH HA BTOPOM JTalle BKIFOYEHHS MOXKET OBITh paBHA HYIIO, & MOXKET OBITh
npumMepHo Ha 30 % MeHbIIE, YeM Ha NEPBOM JSTare KOMMYTALHWH B 3aBHCHMOCTH OT
momeHTa BKmodeHus ['K).

IloaToMy HE IpH BCEX 3HAYEHUAX CONMPOTHBIICHUSA H HE BO BCEX CXEMHO-PEKHUMHBIX
CHTyalHsX IapaHTHPYETCd NMEPEXOJ TOKA Yepe3 HyJeBOe 3HaYCHHE K MOMEHTY Havana
PacX0’KACHUSA KOHTAKTOB BBIKITFOYATEIIA.

5.9 Pemenue Bompoca 0 HaJe:KHOCTH T'allEHHS IyTH B BBIKTIOYATEIIE MPH YCTAHOBKE
Ha BJI BeIKIIOYATEeH ¢ MpeABKIIOYACMBIMH PE3UCTOPAMHU CJIEIYET MPUHUMATH TIOCIIE
0053aTETIBHOTO  TOYHOTO MOAOOpA BEJIMYHHBI COMPOTHBECHHS MPEIBKIIOYAEMOTO
PE3HCTOPA M BPEMEHH €r0 HAXOXKACHUA B IEMH W MPOBEPKH SPPEKTHBHOCTH PaOOTHI
BBIOPAHHOTO PE3UCTOPA IPH BCEX BO3MOMHBIX KOMMYTALIMSX, PHUBECHHBIX B pa3zeie 6.

5.10 CompoTHBICHUE NPEABKIIOYAEMOTO PE3HCTOPA, KAaK MPABHIIO, HAXOMHTCS B
auanasoHe oT 200 go 1000 Om. BpeMms mnpenBKIIOYEHHA PE3HCTOPA y OONBIIHHCTBA
HM3TOTOBHTENEH BRIKIIIOUATENs cocTaBmsaeT 10 Mc.

5.11 Ilpu ycranoBke Ha mHMHUH ofHoM rpymmsl [[IP mnpensxmroyaeMbiMu
PE3UCTOPAMHU MOKET OBITh OCHALIEH BBIKIIOUATElTh, moAxmrovaromuii [P k muHuu (mpu
OTCYTCTBHH TaKOr0 BBIKIIOYATENsI B HeHTpamp kaxnod ¢aser 1P moxer ObITH
MPUCOEIUHEH PE3UCTOP, IIYHTUPYEMBIN HOTIOHUTEIBHBIM BBIKIIOYATEIEM HOMHHATBHBIM
HarnpspkeHueM 35 kB).

IIpemsrmogaemprii pesuctop B memu [P mMoxer HCMOmB30BaThCA I IBYX LIETCH:;
OBICTPOrO CTEKAHUA 3apsja ¢ OTKIFOYECHHBIX HAa BpeMs OecTokoBoM may3sl TATIB ¢a3 BJI
M YMEHBIICHHs AIlepHOIUYECKON COCTABIIONIEH TOKA B JTHMHEWHBIX BBIKIIOYATEISAX HPU
mpoOHOM BKITIOUeHHH B 1Kie TATIB.

s 3TOTrO mocne OTKIIOYEHHUS (a3 THHUHM C JBYX CTOPOH HEOOXOIWUMO OTKITIOYHTD
BeIKTIOYaTens (I'K), myHTHpYrOmMil MpeABKIIOYacMble PE3UCTOPEI, B OCTABUTH PE3HCTOP
(compotuBneHue pesuctopa ot 150 1o 300 Om) B wernw IIIP Ha Bpems maysst TAIIB miroc
BpPEMs OTKIIOYEHHA BBIKIIOYATENS B CIy4ae HEYCIIEIMIHOTO MPOOHOTO BKJIFOUCHUS JIMHHH
(mpumepHo 0,1 ¢).

5.12 VIIHKII BBIKIIOYATETIMH MOTYT OBITh TNPHMEHEHBI B LENISIX CHIDKCHHS
MEPEHANPSDKEHUH, YBEIMYEHHs OSKCIUTyaTall[HOHHOTO pecypca BBIKIIOYATENEeH B IIEIIX
IIyHTHPYIOIIHX PEAKTOPOB, OAaTaped CTaTHYECKHX KOHICHCATOPOB, MIMHHBIX TuHHU 110
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KB U BbINE, CHWKEHHA NHUHAMHYECKHX HArpy30K Ha CHJIOBbIE TpaHc(opMmaTopsl U
aBTOTpaHC(OPMATOPB, IPH  COOTBETCTBYIOIIEM  TEXHHYECKOM  OOOCHOBAHHH.
H3roToBuTENs JODKEH rapaHTHPOBAThH BBHITIOJHEHUE ONEPALMK BKIIOYEHHA B TPEOyeMbIi
MOMEHT BPEMEHHU, a OTKIIIOUYEHHA O0€3 MOBTOPHBIX 3)KUTAHUH TYTH.

5.13 Jlnd MCKIIFOYEHHsI ONACHOTO BIIMAHHA ANEpUOJAHYECKON COCTaBILIIOMEN B TOKE,
MPOTEKAIOMIEM Y€PE3 BRIKIIOYATEINh MPH OAHOCTOPOHHEM BKIoUeHHH JIOII, ocHamenHo#M
P, mpu mnoBTOpHOM BKMOYeHHH JuHHUH B wukie TAIIB cnenyer Bkmowarh
BBIKJIFOYATEIb B MOMEHT BPEMEHH, COOTBETCTBYIOIUMH  MOMEHTY MAaKCHMAJIbHOIO
HAIPSDKEHHS HA €10 KOHTAKTaXx.

[Tpu 3TOM HEOOXOAUMO YYHUTHIBATh, YTO HAMPSYKEHHE HAa JIMHUH, ocHameHHou 1P,
nociie €€ OTKIIOYEHHS OT CETH HMMEET BHJ 3aTyXaloMUX KOJeOaHWi, 4acTOTa KOTOPHIX
3aBHCHT OT CTENEHH KOMIIEHCALMH WHAYKTHUBHOCTHIO I[P (a3HbIX eMKOCTEH THHHH W
MOJKET OTNPEJEIATHC Mo hopmyiie.

_ —5t
rie
s Pz o o
0 ~ —— — IEKPEMEHT 3aTyXaHusA KoJeOaHui B OTKIIOYEHHOH (a3se;
P
Fz — cymmapaoe (pa3Hoe aktuBHOE conportusicHue 11IP, ycTaHOBIEHHBIX HA THHHH,

L~ cymmapnas ¢asHas uHAyKTHBHOCTD I1IP, yCTAHOBIICHHBIX HA JTHHHH,

Uy — HampspkeHHE HA JIMHUM B MOMEHT MOTacaHUs AyTH B BHIKITIOYATEJIE,

1

0y = === —yacToTa COOCTBEHHBIX KOJIEOaHHIi B OTKIIOYEHHBIX (pasax BJL.

Ly -C,

Bpems momHOro crexkaHus 3apAja ¢ OTKIFOUEHHOM JMMHUM Ipu xoOpoTHoctu IIIP
300-500 cocTaBmsgeT OT 2 A0 5 ¢, YTO CONMOCTABUMO C BPEMEHEM ‘‘OECTOKOBOM~ May3bl
TAIIB (2-4 ¢).

HampsskeHHe Ha KOHTAaKTaX BBIKIFOYATENS OyAeT UMETh BHA OWEHHH, IIEPHON
KOTOPBIX ONPEAEIIETCS MO BHIPAKEHHUIO!

27
T61/IeHI/II7I:_7 (51)
TMEPHOA H3MEHEHHUA HANIPSXKEHHUA Ha KOHTAKTAX BBIKITIOYATEIA OIPEACIIACTCA 110
BBIPAXKCHHIO .
47
7 =— (5.2)
©, + O

rac

1
Wy = \/ﬁ_ — 4acTOTa COOCTBEHHBIX KOIeOaHUM B OTKIFOYEHHOM (asze BJI;
PE 0

C4=Co — cymmapHas (pa3Hasg EMKOCTb JIMHHY,
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C‘b: C10 = 1/(ZBX0 ) (D)ﬁ ZBX.O = jZWO ) Ctg )\‘07

Zwo=+L/Co» Ay = 18-10° -/,\JL, -C, (rpam)—
rapamMeTpsl IMHUK A7 HyJIEBOM IOCIEA0BATENbHOCTH (as.

IIpu usmenenuu 3HaveHus K B nuanasone ot 0,5 mo 1,1 mepuon OmeHMH COCTaBUT
ot 0,2 10 10 ¢, mpu 3TOM YacTOTa KOJICOAHHMHA HAMIPSUKEHUT Ha KOHTAKTaX BBIKITIOYATEIIA
m3MeHseTca ot 52,5 I'y mo 45 I'm,

5.14 omyctumoe oTkioHeHue yria BkmoueHus AP or 90° ompememsercs 1o

BBIPAKEHUIO
. 1 oIl
AQ = arcsm(l—), (5.3)
all. max
rac
lion — HavagbHOE 3HAYEHHUE alEPHOAMYECKOM COCTABISIOMCH TOKAa, KOTOPYIO

JKETIATENHHO TOTyYHTh;

Lon max — MAKCUMAJIBHOE HAYAIIBHOE 3HAYECHUE ANEPUOMYECKOM COCTABIAIOMEH TOKA
B paccMaTpUBAEMOW KOMMYTALUH.

Ecmu  opueHTHpOBaThCS HAa MAaKCHMaJIbHOE BO3MOKHOE HAYAJBHOE 3HAYCHHE
ANEpPUOJIUYECKON COCTABIAKOIIEH TOKA MPH IUIAHOBOM BKIIFOYCHHH B MOMEHT HYJIEBOTO
HANPKEHHA HA KOHTAKTAX KOMMYTHPYEMOIO BBIKIIOYATENA PABHOE  on maxIpym™~Ipitlp
(popmyna 4.8), a nmpu BrmOYeHHH JIMHUHU B wHKiIe TAIIB (¢ yueToM cTekaHus 3apsia ¢
muHnKE 3a may3y AlIB) Linma®1,5;ym M Ha JKENATENBHOE HAYaJbHOE 3HAYECHHE
amepuoOAMYECKON COCTaB/MIIOMICH PaBHOE BBIHY)KICHHOH COCTABIAIONMIEH TOKa B
BBIKJTIOYATENNE Liow® Iy HONMYCTAMOE OTKIOHEHHE yria BKmoueHus AQ ot 90°
COCTABJISET

AQ = arcsin(f‘*ﬂ). (5.4)
pPEZm

JlomycTUMO€ OTKIOHEHHE BPEMEHW BKIIOYEHHA A/ mipu paccuutaHHoM A@ (B
rpagycax) ONpeAEIUTCS MCXOJM U3 PACCUHTAHHOTO TMEPHOJA W3MCHCHHUS HANPSIKCHHS Ha

KOHTaKTax BeIKIFOYatess (1) Juisi pacCMaTPHUBAEMOM CXEMBI
Ap-T

1= Ao >
360
rae 7=Txp (popmyna 5.2) nmpu Bkmovennu B uukie AIIB wmu 7=1/f (f - yactoTa
W3MEHEHHS HAMPSDKEHUS B CETH B ['1IT).

(5.5)

5.15 B cnyuyasx npumenenus YIIHKII Beikmowarels, npemxHa3HAYEHHOTO I
BBITIOJTHEHUSI ONEPAllMM BKIFOYEHHS B MOMEHT MAKCHMyMa HANPSOKEHHS HAa KOHTAKTaX
BBIKJIFOYATEI, OJJHOBPEMEHHO C AHAJIM30M amnepHOJAMYECKOM COCTaBIAIOIICH TOKAa B
BBIKJIFOYATENIE HEOOXOAUMO MPOBOJUTh PAacueThl IEPEHANPSIKCHUH HA JTHHHH BO BpeM
BBITMOJIHAEMBIX KOMMYTALUH, TaK KaKk PEKOMEHIOBAHHBIM C TOYKH 3PEHHA MHHHMYMa
anepHOAMYECKOM COCTABIIIOMECH TOKA B BHIKIIOUYATENIC ANTOPHUTM BKIIOYEHHA MPUBOJUT
K MAKCUMAaJIbHBIM NEPEHANMPSKEHUAM Ha m3ouinuu ooopymoBanus 11C u JIOII, a takke
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OLIEHHBATH MOBbIMICHHbIe Harpy3kd Ha OITH u m3omamuro ocHoBHOTO 060pynoBanus I1C,
JIOIL.

6. PacueTHble KOMMYTaLUH, KOTOpbIe HE00X0AMMO paccMaTpPUBATbL MIPH
aHa/M3e BbIOPAHHBIX Mep /I OrpaHNYeHHsl aflepHoIuYecKoi
COCTABJISIIOIIEH TOKA B JIMHEIIHOM BbIKJIIOUATE/Ie

6.1 Jlis IpOBEPKH BEIOPAHHOTO KOMIIIEKCA MEP IO OTPAaHHYEHMIO arlepHOAMYEeCKOH
COCTAaBIAAIOIEH TOKA B KOMMYTHPYEMOM  BBIKITFOYATENE cllelyeT Ha CTaiuu
TIPOEKTHPOBAHKA IIPOBECTH YUCIICHHBIE UCCIEA0BAHUSA BCEX BO3MOMKHBIX B SKCILTYaTalMU
kommytammit JIDIT BH, ocHamennsix 1P, TIpu pacueTax HEOOXOTUMO YYUTHIBATH, YTO
BpeMs IIEpexofa TOKAa 4epe3 HOJb JODKHO IIPOMCXOAWTH [0 MOMEHTa Hayaja
PACXOXKAEHHUS KOHTAKTOB BBIKIIOYATENS PABHOTO CyMME MHHHMAJIBHOTO BPEMEHH
cpaOaThIBaHUA YCTPOWCTB pPENCHHONW 3alIUTHI M COOCTBEHHOTO BPEMEHHM OTKIIFOUCHHS
BBIK/TFOYATEIIA.

6.2 B rtabmumax 6.1-6.3, mpuUBemEHHI IEPEYHH PACYECTHEIX CXEM, I KOTOPBIX
HEOOXOAMMO BBILIOMHATH PACYETHI C IENBI0 BBIOOpa KOMIDIEKCA MEP OTpPAHHYCHHSI
AnepUOIMYECKON COCTaBIAIONMEH TOKAa B BbIKIouarene npu kommyramuu BJI BH,
pacueTHbIe CXEMBI KOMMYTAILlHM, aJrOPUTM KOMMYTAIMH U TepedYcHb wH(opMamm o
TpoLIEccax B 3JIEMEHTAX CXEMBI, KOTOPYIO HEOOXOIUMO IOIYYHTh B PE3YIIBTATE PACUETOB.

PacueTs! HODKHBI IIPOM3BOIUTECA 11 pekoMeHayeMoro coctasa IIIP wa JIOII mm
HOPMANBHBIX M HauOojee THKEIBIX MOCIeaBapUHHBIX (PEMOHTHBIX PEXHMOB) TIPH
BKJIFOYCHHUH JIMHHU cO CTOPOHBI 00emx IIC, K KOTOphIM OHAa MpHMBIKaeT (IubO i
PEKOMEHIYeMOTO TTOPAIKA KOMMYTAIHH).

6.3 B tabmume 6.1 npuBeneHbI pacueTHble KoMMyTamuH JIOII, mpH KOTOPBIX MOTYT
BO3HHKATh OIACHBIE 3HAYECHUS AllEPHOJUYECKOM COCTABISIONICH TOKA B BRIKIFOYATENE TIPH
HCIOJIb30BAHUM B KA4eCTBE MEDbHl OrPAaHMYCHUA AaNepHOAUYECKOH COCTaBISIOMICH
NPOrpaMMUPOBAHHOIO OCYILECTBICHU KOMMYTAaUH M oTKmoyeHus dactu IIP mepen
BKJIFOYCHHEM JIMHUH (YMEHbIIEHHE K,).

Ecim He 3amaBaTh MpU BKIIOYEHHMH JIMHMU OIIPEJENICHHBIM MOPAAOK KOMMYTAaLMH
BKIIFOYEHUS C TOM MIIM MHOW CTOPOHBI KOMMyTuUpyemoii BJI, To konuuecTBO pacueTHBIX
KOMMYTAIAH YBETHIUBACTCS BIBOE (BKIFOUCHHE BBIKIIOYATEI MOXKET MPOH30HUTH KaK CO
croponst [1C 1, Tak u co croponst [1C 2).

6.4 B tabmuie 6.2 mpuBedeHBI pacueTHbie KoMMyTalpu JIOII, IpH KOTOPBIX MOTYT
BO3HUKATh OIMACHBIC 3HAUCHUS ANIEPHOIHUYECCKOM COCTABIAIONIEH TOKA B BRIKITIOYATENE IPH
WCTIONIb30BAHMU B KA4eCTBE MEPHI OTPAHHUYEHMS ANECPHOJUUYECKOM COCTABAIOLICH B
OTK/IFOYaEMOM TOKE BBIKIIIOYATENIECH C IIPEIBKIIOYAEMBIMU PE3UCTOPAMIL.

6.5 Ilpu HCHONB30BAHUM B KAYECTBE MEDBI OIPAHMYCHUA AaIlepHOAMYECKOH
COCTAaBILIIOMIEH B TOKe BbIKMouarend, ocHameHHoro YIIHKII pacuetHpie komMMmyTanmu
JIOII, mpH KOTOPBIX MOTYT BO3HHMKATb OIIACHBIE 3HAYEHMS ANEPUOAUIECKON
COCTABJLIIOIIEH TOKA B BBIKIIIOYATENIE TE XK€, 4TO HpuBeAcHHI B Tabmuue 6.1. Ilpu atom
TIPOLIECCH CIIEAYET PACCUUTHIBATH AJIA ABYX MOMEHTOB BKIIFOUCHHU:

IOPH pacueTe MNEPEHANPSLKEHWM BKIIOYCHUE JIMHUM JAOJDKHO IIPOMCXOIUTH IIPH
MaKCHMAaJIbHOM HANPSKEHHH Ha KOHTAKTAaX BBIKITFOUATEIA;



23

IPH pacueTe TOKOB B BBIKIIOYATENC BKIIOYCHHE JIHHUH JOJDKHO MPOUCXOIUTH MPH
MAaKCHMA/IbHOM HaNpsDKEHHH Ha KOHTAKTaX BBIKMIOYATENss +Af, pacCUMTaHHOE IS
KOHKPETHOH CXeMBI (110 BBIPAXKEHHIO 5.5).

6.6 B pesympTare NpPOBEINECHHBIX PACYETOB HEOOXOAMMO TMONYYHTH CIICAYIOLIHE
pacyeTHBIE OCIMJUIOTPAMMEI IIPOLIECCOB B 3JICMEHTAX CXEMBI:

TOKOB B (pazax A, B u C THHCHHOTO BHIKIIFOYATEIA,

HANIPSDKEHUH B KOHIE Pa30MKHYTOM TMHUH Ha das3ax A, Bu C;

HANPsUKEHUHM Ha KOHTAKTaX Beikarouatens B ¢asax 4, Bu C;

TOKOB B (pazax A, B u C OIIH, ycranosmenHbix Ha BJI;

sHepruw, BeresieMoii B OITH B TeueHre Bcero LuKia KOMMYTAIUH,

TOKOB WM SHEPTUH, BBIIEICHHOW B MPEABKITIOYAEMOM PE3HCTOPE BHIKITFOYATEIISL.

6.7 W3 nomy4eHHBIX PACYETHBIX OCHIUIOTPAMM B IPOCKTHOW JOKYMEHTAL[HH
HEOOXOMMO OCTaBHTh PACYETHHIC OCLILIOrPAMMBI I HAHOOJIEE TIKEIBIX PEKHMOB
KOMMYTAllUH, 8@ U3 OCTANBHBIX PACUETHBIX OCIIULIOTPAMM B MPOEKTHYIO JOKYMEHTAIHIO
BKJIFOUUTSH CJIETYIOIIYI0 HH(POpPMALHIO:

HAYaJIbHOE 3HAYECHHE allepPHOAHYECKOH COCTABIAOIIEH TOKA B BBIKIFOUYATEIIE;

AMIUTATYAy BBIHYKIECHHOM COCTaBIIAIOIIEH TOKA B BRIKIIOYATETIE;

BPEMS IIEPBOTO MEPEX0/a TOKA B BBIKJIIOYATENE YEpe3 HOJIb;

MaKCUMAaTbHYIO aMIUTHTYAy TIepeHANpPsDKEeHWH Ha Pa3soMKHYTOM koHue BJI (misa
CPaBHEHMA C HAIPDKEHUEM, JTOMYCTHMBIM [UTA HM30JHLHH 000pYIOBAHHA, TOJKITFOYEHHOTO
Ha koH1te BJ]);

MaKCHMAIBHYIO aMIUTUTYyAy TokoB B OITH, ycTaHOBNEHHBIX B cxeMe;

oHepruto, paccemBaeMyio B OIIH BO BpeMsa NONHOTO IMKIa KOMMYTALUH JUIA
nposepku ycTanoBaeHHOTo OITH Ha SHEpro&MKOCTb;

TOK MU SHEPTHIO, BBLACIEHHYIO B MPEABKIIOYAEMOM PE3HCTOPE KOPOTKO3aMKHYTOMH
(hass1, MM pe3ncTOpax HeaBapHHHBIX (a3 npu orcyTcTBHU K3.

6.8 B Tabmuiue 6.3 mpuBeaeHH pacueTHbIe KOMMYyTamkd Ha KJI, mpu KOTOpBIX MOTYT
BO3HHKATh OINACHBIC 3HAYEHHUS ANCPHOAUYECKOM COCTABILIIOMEH TOKA B BBIKIIOYATEIE,
kommytupyromem KJI.  Ilpy  ucrmonbp3oBaHWH  Pa3sNMYHBIX MEP  OTPAaHAYCHUS
anepHOAMYECKOH COCTaBJAIOMIEH TOKA B BBIKIIOYATENEe AaNrOPHTMBl KOMMYTAIHMH
AHAJIOTHYHBI CJTy4asM, MPUBEACHHBIM B Tabnumax 6.1 u 6.2.

6.9 B kauyecTBe pacYETHBIX KOMMYTALUi, IPH KOTOPBIX MOTYT BO3HHUKATh OMACHBIE

3HaYEHHsA aePHOTHYECKOM COCTABIAIONMEH TOKAa B OTKIIFOYaeMOM Bhikmouatene, B KBJI
CEAYeT PaCCMAaTPHBATh KOMMYTAIMH, IEPEYUCIICHHBIE B IMI.6.3 — 6.5.
Tab6numna6.1 — PacuerHpie kommyranmu JIJIL, mpH KOTOPBHIX MOTYT BO3HHKATh OMACHbIE
3HA4YCHHUs1 anepno,uuquKoﬁ coc*rasmomeﬁ TOKa B BBIKJIIOYATECJIC IMPU UCINIOJb30BAHUH B Ka4CCTBE
MEpbl OrPaHMYEHUs] aNepPHOAMYECKOl COCTaBISIOLIEH NPOrpaMMHPOBAHHOIO OCYLIECTBIECHUS
koMMyTauuu ¥ orkmouenus 1P (ymenbmenus Kp)

PacuerHast cxema, ANropuT™M KOMMYTAIHH,

Ne . " i . .
PacuU€THbIIM CiyJait 3aJ1aBaeMblii B pacyérax

1 2 3
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[TnanoBoe BKiIOUeHNE He3apsukeHHOU JIOI
npu oTcyTCcTBUM Ha Hell K3 B
TIPEIIIONI0KEHUH BO3MOXKHOTO JIOXKHOTO

cpabatbiBanus P3

3 5

1. KonuuectBo u mecto noakiodenus 111P
BBIOpAHBI 3apaHee
2. CTopoHa BKIIFOUEHHUs BBIOpaHa

3apaHee

1.Bxirodaercst He3apsKEHHAsT JIMHMS

PaccuuteiBaTh IPOLIECCHI IJIS1 ABYX
MOMEHTOB BKJIFOUEHUS
— BKJIFOUCHHE IIPU HYJIEBOM
HaTpPsUKEHUH Ha [IMHAX
— BKJIFOUYCHUE IPU MAKCUMAJIbHOM
HaIPsDKEHUH HA [IMHAX

ITosropHoe BiroueHue JIOII B ke TATIB
(3nece u nanee: nust BJI, Ha KOTOpBIX
ucnone3yercsi Tonbko TATIB) mpu
ycTpanusLiemMcst 3a Bpems naysel TAIIB K3 B
NPEATIONIOKEHUN BO3MOXKHOIO  JIOXKHOTO
cpabateiBanus P3

1. Konuuectso u Mmecto noaxmouenus 111P
BbIOpaHbI 3apaHee
2. CTopoHa BKJIIOYEHHs BbIOpaHa 3apaHee

1. Ha nunum - ogHodasxoe K3

2. OTKJIIOYAIOTCS BBIKJIIOYATENHN C
obenx cropon BJI

3. K3 orxiouaercs

4. Pexxum nay3st TATIB (Bpemst
“OeCTOKOBOI1” May3bl 3a1a€TCs)

5. JIunKusA NOBTOPHO BKJIFOUAETCS C
BbIOpaHHOI 3apaHee cTopoHbl BJI

PaccunTbiBaTh MpOLIECCHI AJIST ABYX

MOMEHTOB IIOBTOPHOT'O BKJIFOUYEHHS:

— BKJIIOYEHHE NPU HYJIEBOM
HanpspKeHUH Ha KOHTAKTaX
BBIKJIIOYATEIs]

- BKJIKOYEHHUE NMPH MAKCHMAaJIbHOM
HAaIpspKeHHH Ha KOHTAKTax
BBIKJIIOYaTeIIst
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[TnanoBoe BrIOYeHUE He3apspkeHHOH JIOIT

1. KonuuectBo u Mecto noxnkirodenus 1P
BBIOpaHBI 3apaHee
2. CropoHa BKIIFOUEHHUs BBIOpaHa 3apaHee

3. Mecro K3 Bapbupyercs (Hauano, cepenuHa
u koner| BJI)

npu Haamaun Ha Hell K3

1. Ha onnoii 3 a3 BJI K3
2. BxirouaeTcst JIMHUA C OOHONU
CTOPOHBI

PaccuuTeiBaTh IpOLIECCHI OIS IBYX

MOMCHTOB BKJIFOUCHUS .

— BKJIIOUYECHHE MPH HYJIEBOM
Hal'[pSDKeHI/II/I Ha MIKHax

— BKJIFOUCHHEC l'IpI/I MaKCUMaJIbHOM

HaIIpsI>)KEHUU Ha ITUHaxX

ITnanoBoe BKIIIOUEHUE He3apsokeHHo JIDTT

3EMJIIO

npu HaJau49uK Ha He# nByxdasHoro K3 Ha
Vi
| VA

|
is j[%) ‘ %%
1. KonuuectBo u mecto noaxmodenus [P
BBIOpaHbI 3apaHee
2. CTopoHa BKJIFOUEHHs BBIOpaHa 3apaHee

3. Mecro K3 Bapbupyercs (Ha4ajo, cepeaina
u koHer BJI)

1. Ha BJI aByxdasnoe K3 Ha 3emmo
2. Bkyodaercs JTUHUS C OJTHOH
CTOPOHBI

PaccuurtniBaTh MMponeCChl IJisl ABYX

MOMCEHTOB BKJIFOUCHUSI

— BKJIOYCHHUE NTIPU HYJICBOM
HaMnpsA>XCHUHW HAa IMHHAX

— BKJIOYCHHEC TP MaKCUMAJIbLHOM

HaMps>KCHUU HA IMHHAX
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Iosropuoe Brrouenue JIDII B ruxe
neycremHoro TATIB npu HeycTpaHuBIIEMCs

3a Bpems nay3sl TAIIB K3
(st BJI, Ha KOTOPBIX UCTIONB3YETCS TOIBKO
TAIIB)

1. KomuuectBo u Mecto nogximodenus IIP
BEIOpaHbI 3apaHee

2. CropoHa BKJIFOUEHHs BbIOpaHa 3apaHee

3. Mecro K3 Bapbupyercs (Hagano, cepeinHa
u xoHuen| BJI)

1. PaccuutbiBaeTcsl yCTaHOBUBINHUIICS
pexum ¢ K3 Ha onHoit u3 das

2. OTKIIIOYAOTCA BBIKIIOYATENH ©
obeux cropon BJI

3. Pexxum nay3et TAIIB (Bpems
“OecTOKOBOI” May3bl 33/1aeTCsl)

K3 ne ucuesaer.

4. JIuHust NIOBTOPHO BKJIIOYAETCSI C
BbIOpPaHHO#H 3apaHee CTOPOHBI
3JIEKTponepenau

PaccuuTeiBaTh NMPOLIECCHI IS IBYX

MOMEHTOB TMOBTOPHOT'O BKJIFOYECHUSI:

- BKJIIOYEHHE NPH HYJIEBOM
HalnpsDKEHUH Ha KOHTaKTax
BBIKJTIOYATEN

— BKJIFOYEHHE [PH MaKCHMAaJIbHOM
HaNpsDKEHUH Ha KOHTAaKTaxX
BBIKJTIOYATEs

BxuroueHue AByX (a3 KOMMYTHPYEMOTO
BBIKJTFOUATETS] [IPH [UIAHOBOM BKIIOYEHHHU
JIoII

Is

;“\ v

1. KonnuecTtso u MecTo noaxiroueHus I1TP

BBIOpaHbI 3apaHee
2. CropoHa BKJIFOYEHHS BIOpaHa 3apaHee

1. Bxutouarores ase dasel
BBIKJIFOUATEIS

PaccuutriBaTh IpOUECChI IJIA NBYX

MOMCHTOB BKJ/IKOUCHHS

= BKJIFOYE€HHUE MMPU HYJICBOM
Hanps>KeHWU Ha MIHHaxX

— BKJIFOUE€HHUE IIPH MaKCUMAJIbHOM
HanpsAXCHUU Ha MIHHaxX
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Bxirouenue ogHOM a3kl KOMMYTHPYEMOTO

BBIKJTFOYATEIIA MMPU MJIaHOBOM BKIIIOYCHUN
JIDII

§ 5

1. Konmugectso u mecto noaxmodenus [1IP
BBIOpaHbI 3apaHee
2. CTopoHa BKJIFOUYEHHUS BBIOpaHa 3apaHee

1. Bxurouaercs onHa ¢aza
BBIKJIFOYATES

PaccunteiBaTh POLIECCHI IS IBYX

MOMCHTOB BKJIKOUCHUS .

- BKJIFOYEHHE TIPU HYJIEBOM
HaHpﬂ)KeHI/II/I HA IIHUHAaX

- BKJIFOYEHHE MPH MaKCHMaJIbHOM
HaNpPsDKEHUH Ha TITHHAX

ITosTopHOe BKoueHue JIOII B riukie
HeycnermHoro TAIIB npu HeyCTpaHUBIIEMCST
3a Bpemst may3el TAIIB nByxdassnom K3 Ha

3EMJIIO

1 [ Z

34

1. KoauuecTso u MecTo noakiarouenus I11P

" E:
7 /EI L,

BBEIOpaHbI 3apaHee

2. CtopoHa BKIIFOUEHUS BbIOpaHa 3apaHee

3. Mecto K3 Bapbupyercs (Hauajo, cepeanHa
u koHew BJI)

1. PaccuntbiBaeTCs yCTAaHOBUBLIHMIICS
pexxuM ¢ aByxdasHeM K3 Ha 3emimo
2. OTKJIIOYAr0TCA BBIKJIIOYATENH C
obeunx cropon BJI

3. Pexxum nay3s1 TAIIB (Bpemst

99

“OecTOKOBOI may3bl 3a4aeTcs)
4. JIuHNs TOBTOPHO BKJIFOYAETCS C

BBIOpAHHOI 3apaHee CTOpoHbI JIDIT

PaccunteiBaTh poLEeCChl A ABYX
MOMEHTOB ITIOBTOPHOTI'O BKJIFOUEHUS !
— BK/IIOYUCHUEC IIPU HYJICBOM
Hanpsi>KCHUM Ha KOHTAKTax
BBIKJTFOYATES
- BKJIIOYEHHE ITPU MaKCUMaJIbHOM
HaIpPsKEHUH HA KOHTaKTax
BBIKJTHOYATENS
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IIoBTOpPHOE BKIIFOYCHHE aBAPUIHOHN (a3bl
JISII B uukine yenemsoro OAIIB

B MPEATNONIOKEHHH BO3MOKHOTO JIOKHOTO
cpabarbiBanus P3

o L, r, L, E:

1. KommaectBo u Mecto monkioueHus 1P
BBIOpAHBI 3apaHee
2. CTopoHa BKIIFOUEHHUs BHIOpaHa 3apaHee

1. PaccuntbiBaeTCsl yCTAHOBHBLIMIACS
pexuM ¢ onHo(asHbM dasubiM K3 Ha
3eMITI0 Ha ofHOH m3 (a3 BJI

2. OTKJIIOYAIOTCA BBIKJIFOYATENH
aBapuitHoii a3el ¢ 0berx cropon BJI
3. Pexxum nay3er OAIIB (Bpems
“6ecTOKOBOH” May3bl 3a1a€TCs)

4. ABapwuiiHas ¢a3a HOBTOPHO
BKJIIOYAETCS C BHIOpaHHOIT 3apaHee
CTOPOHBI

PaccunThiBaTh IPOIECCHI IS ABYX
MOMEHTOB ITOBTOPHOT'O BKJIFOUCHUSI:
-  BKJIIOYEHHE MPU HYJIEBOM
HaNPsDKEHUN HA KOHTAKTaX
BBIKJIFOYATE)IST aBAPUITHOM (a3l
—  BKJIIOUEHHE MMPH MAKCHMAIIbHOM
HanpsKEHUH Ha KOHTAKTaxX
BBIKJIIOYATEIIS aBapHitHOMH (hasb
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Tabnumuoa 62— Pacuernele kommyTtaunu JIOII, mpH KOTOPBIX MOIYT BO3HHKATH OMACHBIE
3HAUEHUs allepUOJNUECKON COCTABISIIOINEH TOKA B BLIKJIIOYATENE IIPU UCHOJIb30BAHUY B KaU€CTBE
Mepbl OrPaHMYEHUs] ANEPUONUYECKON COCTaBJSIOLICH B OTKIIOYAEMOM TOKE BBIKJIOYATEN C

MPEABKIIIOYACMBIM PE3UCTOPOM

PacuerHas cxema, ANTOpUTM KOMMYTALHIH,
pacuéTHBIN ciyydai 3a/1aBaeMbIil B pacuérax
1 2 3

; I'K
’_J. 1. Bxmouarorcst JIK BbIKIIFOUaTENS

K R,
TIpUHIMMHANbHAS CXEMA BbIKIHOYATENS C 2. Uepes spems Al prmotarores IK
BBIKIIOYATEJIS]

MPEOBKIIFOYAEMbIM PE3HCTOPOM
3. Uepes BpeMs Algng = fp3Haumn

BBIKJTFOYATENb OTKIIFOUAETCS
(XOHTaKTHI Pa3MBIKAIOTCS TIPU

1 . Mepexose TOKa B BEIKITIOUATENE Yepes
npu oTCyTCTBUH Ha Hell K3 B HOJIB)

IInanoBoe BKIItOUeHUe HezapsikeHHOoH JIDIT

IPEATONOKEHUN BO3MOKHOTO  JIOXKHOTO
cpabarbiBanus P3 1. ConpotuBieHue pesucropa
MpeaBapUTENIbHO BEIOUpAETCs MpU
3aganHoM Af (0,01 ¢)

2. Bpems Bxurouenus I['K

| |
iy %%% %% BapbUPYyETCs
I'K

"S\" ;_‘ 1. Ha nunuu, peskum onnodasnoro K3
2. OTKIIFOYArOTCS BBIKJIFOUATEIH C

K R,

obenx cropon BJI

ITpuHIMNIaTbHAS CXeMa BBIKJIIOYATEIs C
IPEBKIIFOYAEMbBIM PE3UCTOPOM 3. K3 oTtkmouaercs
4. Pexxum nay3st TAIIB (Bpemst
ITosTOpHOE BKItOUeHue JIDII B nuxie “OecTOKOBOI” May3bl 341a€TCs1)
TAIIB npu yCTpaHUBIIEMCS 32 BpeMs 5. Bxmouarotcst JIK BbIkITIOUaTEIISI
nay3bl TAIIB K3 B npenmnonoxeHuu 6. Uepes Bpems Af Brurouarotest 'K

BBIKJIFOUATEIIsS
7. Uepes BpeMs Alomn = p3Tauicn
BBIKITFOUATENb OTKJIIOUACTCS (KOHTAKTHI
Pa3MBIKAIOTCS TIPU NEPEXO/IE TOKA B

BO3MOJKHOTO  JIOJKHOTO cpabarteiBanust P3
(mrst BJI, Ha KOTOPBIX UCMONB3YETCS TONBLKO

TATIB)

~J . g | BPIKTIOUATENE HEpes HOJIb)
EI""M@I 1. ConpoTHBeHNE Pe3UCcTOpa
TIpeBApPUTEIBHO BEIOUPAETCS PU
H[']? saganHoM Af (0,01 ¢)
2. Bpems Brutouenus I'K Bappupyercst
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2 3
; I'K
K R, 1. Ha oxnoii u3 ¢a3 BJI K3

IIpuHIMNHanbHAsA cXeMa BBIKIIYATeNs ¢
MNPEBKIYAEMbIM PE3UCTOPOM

IInanoBoe BKIOUEHHE HezapsokeHHOM JIDIT

Mpy HaIM4IuH Ha Heit K3

2. Bxurouatorest JIK BrIkimrouaTenst

3. Yepes Bpemst Af Bkmouarotcs ['K
BBIKJIFOUATEIIS

4. Yepes Bpemst Alonr. = 1p3Hsoman
BBIKJIFOYATENb OTKIIFO4aeTCs (KOHTaKThI
Pa3MBIKAIOTCS TIPHU MEPEXOME TOKA B
BBIKJIFOUATENIe YePe3 HOJIb)

1. CompoTuBieHue pe3ucropa

NPeABAPUTEIBHO BHIOUPASTCS IPU

3amanHoM Af (0,01 ¢)

2. Bpems Bkmouenus I'K Bapeupyercs

3. Mecto K3 Bapbupyertcs (Havaro,
cepennHa u koHer BJI)

= o

K Ry
IIpuHIMNIHanbHAsA cXeMa BBIKJIIOYATeNs ¢
MIPEIBKII0YAEMbBIM PE3UCTOPOM

IInanosoe BKItOUeHHE HesapsikeHHON JIOIT
NpU HATMYUH Ha Hel nByxdasHoro K3 Ha

3EMIIO

1. Ha BJI nByxdaznoe K3 Ha 3emitro

2. Bxirouarorcst K BeIKIIOUATENS

3. Yepes Bpemst Af Bkmrouarotest ['K
BBIKJTFOUATEIIS

4. Yepes Bpems Alona = P31 epmn
BBIKJIFOYATENb OTKIIFOYAeTCs (KOHTAKTHI
Pa3MBIKAIOTCS TIPU MEPEXOE TOKA B
BBIKJIFOHATENIe Yepe3 HOJIb)

1. ConpoTuBieHue pe3rcropa

NPeABAPUTEIBHO BEIOUpPALTCS IPU

3amanHoM A7 (0,01 ¢)

2. Bpems Bkmouenus I'K Bapeupyercs
3. Mecto K3 Bapwupyertcs (Hadajo,

cepeavHa 1 koHer BJI)
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2 3
IK
"Is\:_;_‘ 1. PaccunTbIBaeTCs! yCTAaHOBUBIIHUIACS
K &, pexum ¢ K3 Ha onHOI 13 da3

IIpuHIMNHATbHAS CXeMa BBIKJIIOYATENs C
MPEABKIIOYAEMbIM PE3UCTOPOM

TTosropHoe Bxmouenue JIDII B uukiie

HeycremHoro TATIB npu HeyCTpaHUBIIEMCs
3a Bpemst may3el TATIB K3

(st BJI, Ha KOTOPBIX MCHONB3YETCS TOJIBKO
TAIIB)

i L, E:

|

R

2. OTKJIIOYAIOTCS BBIKIIOYATEH C
obenx cropon BJI

3. Pexxum nayset TAIIB (Bpemst
“OecTOKOBON” may3bl 3a1a€TCs)

K3 He oTkirouaercs.

4. Bxmouarorcst JIK BbIKTIOUATE IS
5. Uepes Bpemst Af Brirouarotest [K
BBIKJTIOYATEJIS

6. Uepes BpeMst Alyng = tp3Htamn
BBIKJIFOYATEJIb OTKIIFOUAETCS
(KOHTaKTBI Pa3MBIKAIOTCS IPU
Iepexoye TOKa B BEIKJIIOYATENIE Yepes3
HOJIb)

1. CompotusiieHHe pe3ucTopa
HpeaBapUTENbHO BEIOUpPAETCS IIpU
sagaHHoM Af (0,01 ¢)

2. Bpewms Brimrodenus ['K
BapbUpPYeTCs

3. Mecro K3 Baprupyercst (Hagano,
cepenuHa u koHer| BJI)

o

K Ry
HpI/IHL[I/II'II/IaJ'[bHaSI CXE€Ma BBIKJIFOYATECIIA C
NIPEABKITIOYACMbIM peSI/ICTOpOM

Bxmodenune nByx (a3 KOMMyTHPYEMOTO
BBIKJIFOYATENs! TIPH ILIAHOBOM BKJIIOYEHHH
JIDIT

TR R

1. Bxinouatorcst JIK BeikrouaTenei
AByx a3

2. Yepes Bpems Af Brmovarores ['K
BBIKJTIOYATENIEH IBYX (a3

3. Uepes BpeMst Alyue = tp3tlpumn
BBIKJIIOYATENb OTKIIFOYAETCsI
(KOHTaKTbI Pa3MBIKAIOTCS TIPH
TIepexozie TOKA B BBIKIIIOYATeNIe Yepe3
HOJIB)

1. CompoTuBiieHHE PE3UCTOPA
Npe/IBApUTENHHO BHIOUPAETCS MPU
3aganHOM Af (0,01 ¢)
2. Bpewms sxinouenust ['K
BapbUPYETCs
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2 3
TK 1. Britouarores JIK BeIkouaTess
"ls\“ ;“ OITHOW (pa3bl
o 2. Uepes Bpems A7 Bkmouaercs 'K

HpI/IHL[I/IHI/IaJ'IbHaH CXeMa BBIKJIIQYATEIA C
NPEABKIIIOYaEMBIM PE3UCTOPOM

BxmoueHne oqHO# (ha3bl KOMMYTHPYEMOTO
BBIKJIFOYATENA MMPH IMJIAHOBOM BKIIKOYCHUH

| |

R

BBIKJTFOUATENS OOHON (ha3bl

3. Uepes Bpemst Aty = fp3tTpuma
BBIKJIIOYATENb OTKIIO4AeTCs (KOHTAKThI
Pa3MBIKAKOTCSI [IPH [IEPEXOIE TOKA B
BBIKJIFOUYATEJIE 9epe3 HOJIb)

1. ConpoTtupneHue pesucropa
NpeBaPUTENBHO BEIOUpaeTCs Mpu
3ananHoM Az (0,01 ¢)

2. Bpems sxurogeHust I'K Bappupyercs

yinnn

IK R,
HpI/IHLII/IHI/IaJ'IbHa}I CXE&Ma BBIKJIKOYATEIIS C
HpeILBKJ'H-O‘{aeMbIM pe3nuCTOpOmM

IToeropuoe Brmodenue JIDII B ruxie
Heycnemnoro TAIIB npu HeycTpaHUBIIEMCS
3a Bpems may3sl TAIIB neyxdaznom K3 Ha
3eMJII0

e Ex

1. PaccuntbiBaeTcsl yCTaHOBHBLIUIICA
pexxum ¢ nByxdasubiM K3 Ha 3emitro
2. OTKIJIIOYA0TCS BHIKJIFOYATENH C
obeux cropoH BJI

3. Pexxum maysst TAIIB (Bpemst
“OecTOKOBON” Tay3bl 3a/1a€TCs)

4. Bkmogarotesa JIK Beikimovarens

5. Yepes Bpems At sunrodarotes 'K
BBIKJIOYATECIIA

6. Hepes BpeMs Alo,= fp3ttpuun
BBIKJIFOYATEIb OTKIJIFOIAETCS] ( KOHTAKTHI
Pa3MBIKAIOTCA MPHU MEPEXOIe TOKA B
BBIKJIFOUATEJNE Yepe3 HOJIb)

1. ConpotuBneHue pe3ucropa

NpeBapUTENbHO BHIOMpaeTcs npu

3aganaoM At (0,01 c)

2. Bpewms Biutouenusi I'K Bapbupyercs

3. Mecro K3 Bapbupyercst (Hauao,
cepenuHa u xoHer] BJI)
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2 3
LK
.-53, | 1. PaccuuthiBaeTCsl yCTAHOBUBLIMNCS
MK Ry pexum ¢ opHo(aszHeM K3 Ha 3emutto

HpI/IHHI/IHHa.]'[I:HaH CX€Ma BBIKJIIOYATECIA C
NPEABKIIOYa€MbIM PE3UCTOPOM

IToBTOpHOE BKJIFOUEHHE aBapUTHOM (a3l
JIDIT B nukire yenemsoro OAIIB

B TIPE/IIONIOKEHIH BO3MOXKHOTO JIOXKHOTO
cpabarbiBanms P3

Fs L, E>

i

Ha ofiHO# u3 a3 BJI
2. OTKIIOYAOTCA BBIKJIOYaTeNN
aBapuitHO# (hasel ¢ 0Oenx cropon BJI
3. Pexxum may3s1 OATIB (Bpemst

o

“OecTOKOBOM” May3bl 3a1aETCsI)

4. Bxmrouaercs JIK BrikirouaTens
OJHOH a3kl

5. Uepes Bpemst Af Bkmouatorcest ['K
BBIKJIFOUATEJIst OMHON (has3bl

1. ConpoTuBneHue pe3ucTopa
NpeaBapUTEIbHO BEIOUpaeTCs Mpu
3aganHOM Af (0,01 ¢)

2. Bpewms BrimodeHust I'K Bappupyercst




Tao6nuua63 — Pacuernsie kommyTranuu KJI, mpu xOTOpBIX MOIYT BO3HHMKATh ONACHBIE
3HAYECHUs anepHOOUUECKON COCTABJLIOLIEH TOKAa B BBIKJIIOYATENE, U OCHOBHLIE XAPAKTEPUCTUKY
mporrecca

Ne ANTOpUTM KOMMYTALIHIH,
Pacuernas cxema o ..
3ajiaBaeMblii B pacuérax

E 1 U,

—
IE
p e

L . 1. Bximrouaercst He3apskeHHAs JIMHUS
2 P2

IInanosoe Bmouenue KJI 8 mpennonoxennn
BO3MOJKHOTO  JIOKHOTO cpabateiBaHust P3nA

. (BxOuerHe HesapskenHoii KJI) PaccunrtsiBaTh MpOLECCHI TSI ABYX

MOMEHTOB BKJIFOUEHUS:

- BKJIIOYEHHE IIPU HYJIEBOM
HAINpPsLKEHUHU Ha IIHHAX

- BKJIFOUEHHE IIPU MAKCUMAaJIbHOM

KomuuectBo u Mecto noaxmovenus 1P
BBIOpaHBI 3apaHee.
CTOpOHa BKIIIOUEHHs BBIOpaHa 3apaHee, JHOo HalpsKCHUN Ha IMMHAX
pacyeT MPOU3BOIUTCS I CITy4aeB BKIFOUEHUS
co cTopoHs! pazHbix I1C.

1. Ha KJI - HopManbHBIil pesxuM

2. OTKIIFOYAOTCS BBIKJIFOYATEIH C
obewux cropon KJI

3. JIuHUS1 NOBTOPHO BKJIIOYAETCS C
BBIOpaHHOIT 3apaHee cropoHs! KJI

Bxumouenue KJI npu Hamiuuu Ha Hel
OCTaTOYHOIO 3apsiaa PaccunThiBaThH IponeCChl JIisl ABYX
2 MOMEHTOB ITOBTOPHOTO BKJIFOUEHHUS

— BKJIQUCHHC HpI/I Hy.]'IeBOM
Konunuectso u mecro noakitouenust 111P

BBIOpaHBI 3apaHee
Cropona BKIIOUeHUsI BEIOpaHa 3apaHee, 1100

pacdeT MPOU3BONUTCA VI CITy4aeB BKIFOYESHHS
co croponsl pasnbx I1C. HaNpsDKEHHM Ha KOHTAKTaxX
BBIKJTFOYATECJISA

Haps>KCHUHA Ha KOHTAKTax
BBIKJIIOYATECIISA
— BKJIIOYCHHE IPHA MAKCUMAJIbHOM

7. IkcmtyaTauusi BeIK/I0YaTeseil B uenu minHHbIX HIP

7.1 Ha IIC ¢ peakropaMy, YCTAHOBICHHBIMH HA IMIMHAX W HE HCIIOJNB3YEMBIMH JJIs
OrpaHHYCHHUS TIEPEHANTPSHKEHUH MPH BKIOYEHUIX THHAN (HempoTshkennsie BJI, KJI BH,
[IC mampsoxermem 110 m 220 xB) Takue peakTopsl HEOOXOAMMO OTKIIOYATH IIEPE]
MPOOHBIM BKITFOUEHHEM IMHH JTUHEHHBIM BhIKIIoUaTeneM B mmkie AlIB mun IIC ¢ mensro
HCKITIOYEHUS alIEPUOANYECKOM COCTABIIOMEH B TOKE KOMMYTHPYEMOT'O BBIKITFOYATES.

[TogkmrOYeHHE  PEakTOPOB  HEOOXOAUMO MPOU3BOANTE  TONBKO  TIOCHE
BOCCTAHOBIICHHS. HOPMAJIBHOTO peskuma pabdotst [1C.
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8. TexHNK0-IKOHOMHYeCKOe CPABHEHHE BAPHAHTOB

TexHHKO-3KOHOMHYECKOE CpaBHEHHE BapHAHTOB HEOOXOAMMO BHIIONHATH B
COOTBETICTBMU ¢ METOOUYECKHMH PEKOMEHJIALMAMHM II0 NPOCKTUPOBAHWIO PAa3BUTHA
sneprocuctem (CO 153-34.20.118-2003).

[lpr cpaBHeHMH HEOOXOAMMO WCKIIOYHTh MHBAaPHAHTHBIE 3aTpaThl. B pacdere
YUUTBHIBAIOTCA 3aTPAThl Ha OCHAIIEHME BBIKINOYATEIEH NPEABKIIOUYAEMBIMHE PE3UCTOPAMH,
VIIHKII (mpm 3TOM 1O CXeM B KOTOPBIX JMHHMSA HOAKIIOUACTCI B PA3BUIKy U3
BBIKJIFOYATENICH HEOOXOAMMO YYHTHIBATh, YTO KAKABIM K3 BBHIKIIOYATENEH JOIDKEH
ocHamareca Y ITHKII), sameny/yctanosky OITH (ipu HE0OX0UMOCTH).

CraBky  AMCKOHTHPOBaHHA  PEKOMEHAyeTCs  INPHHAMATh Ha  YpPOBHE
CPEHEB3BENIEHHON CTOMMOCTH KalUTaNa A SKCIUTyaTUpyromel opranusauuy. Eciam sta
BEIMYMHA HE JOCTYIHA, IO COLJIACOBAHHMIO ¢ 3akasumkoM (coOcteeHHHKOM IIC)
JIOIyCKAETCA MNPHHUMATh CTaBKy MHMCKOHTHPOBaHHA B pa3mepe 8-10%. 3arpatsl Ha
aMOPTH3AIHIO 000PYIOBAHUA B PACHET HE BKIIOYAIOTCH.

9. BuiGop pexoMeHayeMoro croco6a oGecrieueH s OTKJIIOUEHHSI BBIKJIHYATe/IsI

Ha ocHOBaHHH TNPOBEAEHHBIX pACUETOB CJEAYET BHIOpPATh HHIUBHAYAITBHOE
TEXHAYECKOE PEIIEHHE TI0 OOECTeYeHHI0 HAAEXKHOH OSKCIIIyaTalliM 3JIeTa30BBIX
BBIKIIFOUaTENeH 1)1 MPUMEHEHHs HA Kaxoi koHkpeTHoM I1C.

PexomeHayeMOe pelIeHHE JOIDKHO COJIEPHKATS:

- cxemy nogxmodenuss CKPM;

- MOCJIEA0BATENIBHOCTE KOMMYTAIMH BBIKIIIOYATENCH B HOPMANBHBIX M aBapHHUHBIX
peXUMAax;

- HEOOXOJMMOCTh HCIIONB30BAHK IPEABKIIOUAEMBIX PE3UCTOPOB B BBIKIIOYATEILIX,
TpeGOBAHMA K PE3HWCTOPAM: JHANA30H MOIYCTHMBIX COIPOTHBIICHMH, AHANA30H BPEMEH
TIPEABKIIFOUCHUS PE3UCTOPOB;

- HEOOXOUMOCTh MCIIOIB30BAHMA PE3UCTOPOB, MOAKIIOUCHHBIX B HEHTPAIb KaXKI0H
dassr I1IP, TpeboBanns K pe3HCTOpaM: AHAMA30H TOMYCTUMBIX CONPOTHBICHHUM, THANA30H
BPEMEH BKIIIOUEHHUs PE3UCTOPOB B IETIB,

- He0OXOJUMOCTh HCIIONIB30BaHua U TpeboBanus k YITHKII: auanasoH DomycTHMBIX
YIJIOB BKIFOYeHHA, MecTa yecTaHOBKH Y THKII mna T1C.
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Ipunoxenue 2
k pacnopsukernio OAO «®@CK E3C»
or 10.12.2012 Ne 838p

B03MOKHOCTB OCHALIIEHHs BBIKIOYATENEH NPEIBKIIIOYaEMbIME PE3HCTOPAMH U YCTPOHCTBOM NpeTHAMEPEHHOI HEOTHOBPEMEHHOU KOMMYTALIHH

nomocos (YTIHKIT)
Bo03MO0KHOCTh OCHALEHHSA KOJOHKOBBIX H B03MO0KHOCTH OCHALIEHHS
0AKOBBIX BBIKJIKYATEIEH BoiKI0uaTeaein KPYD
IIpenpxmrouaembrii IIpenBxiaroyaeMblit
HomuHanpHOe HanpsokeHue ceTH, kKB per VITHKII P VYTIHKII
pesucTop pesucTop
220 - - HET mo 1,5
330 na o +2 na mo +1
500 na o £2 na Jo %1
750 na HE PEKOMEHIYETCs - -
COBMECTHOE UCIIOIB30BAaHUE
MPEIBKIF0YaEMOr0 PE3UCTOPa U HET HET HET HET
VITHKIT
ITosny4yeHne CUTHATIOB HATIPSKEHUSE
- HE NIPUMEHHUMO HET He [PUMEHUMO ma
ot aByx TH (LIMHHOTO U TMHEHHOTO)
VYBenuuenue 1eHsl, % /TeIC. PyO.
MCHBIII! HA4YCHU
(MeHbInEE SHAUCHHE A1 35/ 2400 (30-7) / 600 6/- 47900
BBIKJIIOUATENIEH 00JIee BEICOKOTO
KJIacca HaIPsKEHHUS)
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